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PREFACE 


The Duffins Creek-Rouge River ground-water resources report is the 
eighth in a continuing series of reports of water-resources investiga- 
tions being carried out by the Ministry of the Environment in an effort 
to provide the residents of Ontario with a sound knowledge of water 
resources in the Province. Investigations in the Duffins Creek-Rouge 
River drainage basins were undertaken because of rapid urban land use 
development north and east of Toronto, in which increased demands are 
being placed on ground water to meet domestic, municipal, industrial and 
irrigation requirements. It is hoped that with a thorough understanding 
of the resource capabilities and limits, a sound conservation and man- 
agement plan can be formulated to insure continued optimum use of ground 
water in the area. 


G..H. Mills, Director 
Water Resources Branch 
Toronto, Dec., 1977 
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ABSTRACT 


The investigation of ground-water resources in the Duffins Creek- 
Rouge River drainage basins defines in detail an inventory of the 
resource for the purpose of future ground-water development in a dynamic 
and rapidly changing land-use development area peripheral to Metropolitan 
Toronto. The report contains the results of an extensive subsurface 
geologic investigation aimed at locating and defining the major aquifer 
systems in the watershed. Detailed descriptions are given regarding 
these major aquifer systems, together with evaluations of the hydro- 
chemistry of ground waters, ground-water use, its future development 
potential, and management planning concepts that can be applied to 
resolve existing and potential future ground-water quantity and quality 
related problems. 

All the overburden lithologic units in the basin have been tenta- 
tively correlated with units in the Scarborough area north of Lake 
Ontario. These correlations provide a basis for defining the location, 
extent, and physical and hydraulic properties of 14 aquifer systems in 
the watershed. Wells in some of these aquifers are capable of producing 
up to 1000 gpm but these high capacities are not common. Most aquifers 
can readily yield up to 25 gpm to individual wells and there are areas 
in some of the aquifers where yields are likely to be more than 50 gpm. 
It is estimated that conservatively at least 44.3 mgd is recharged on an 
average to ground water. This is equivalent,to an annual infiltration 
of 4.5 inches of precipitation over the basin. 

Natural ground-water quality in the overburden is generally accept- 
able for domestic and irrigation uses, but water from bedrock can be 
high in total dissolved solids and often contains high concentrations of 
chloride and hydrogen sulfide gas. 

Ground water is the primary source of supplies for most of the 
major requirements in the basin, with municipal consumption being almost 
25 percent of all the large-scale takings. Other major uses include in- 
dustrial and commercial takings, golf course and agricultural TTrigation, 
and ground water used for private recreational ponds. 

Ground-water management concerns relate to regulating flowing 
wells, avoiding water-level interference situations, and formulating 
policies to avoid ground-water quality impairment by such as sanitary 
landfill operations, domestic septic systems in concentrated areas, 
agricultural fertilizer practices, and pollution due to accidental 
liquid spills and road salts. To this end, maps are presented to assist 
in determining the potential hazards of ground-water contamination in 
the watershed. 
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INTRODUCTION 


PURPOSE AND SCOPE 


This report is part of the Ministry of the Environment's continuing 
program of water-resources inventory evaluations in the Province. The 
Duffins-Rouge basin was selected for study because of the area's proximity 
to rapid urban development north and east of Toronto, including a major 
townsite development in the eastern part of the basin. 

The urban pressures placed on an otherwise rural agricultural area 
have affected notable changes in land-use patterns in the basin. These 
changes have resulted in rapid increases in ground-water demand in 
certain areas of the watershed, with periodic shortages and overdevel- 
opment of ground-water resources in the Rouge River basin in the 
Unionville-Markham area, and inadequate ground-water availability affect- 
ing proposed development in the Duffins Creek basin to the east. In 
association with major developments such as the North Pickering Project 
in the Duffins Creek basin, the consumptive use of, and pollution 
hazards to ground water are expected to increase in the future. 

Preliminary hydrologic field work in the basin was carried out 
during 1970 and 1971, and detailed work was undertaken in 1974. Data 
collation and analyses were done in 1975. The study was inactive in 1972 
and 1973. During the three years of field activity, the work consisted 
of extensive subsurface hydrogeologic investigations through test dril- 
ling, the establishment of an observation-well network to study water 
table and piezometric level fluctuations, and the sampling of wells for 
water quality analyses. Reconnaissance surface geologic mapping was 
also carried out. 

The report deals in detail with overburden stratigraphy in the 
watershed and major aquifers are delineated and discussed. Aquifer 
characteristics are described in terms of location, extent, materials, 
and hydrogeologic properties. Water-level fluctuations and water 
quality data and analyses are presented, and ground-water uses, con- 
flicts and management planning are discussed. The basic data and 
interpretations of ground-water resources presented in this report can 
form a reliable base on which future planning of land-use development 
and associated ground-water uses can be rationalized. 


LOCATION 


The watershed covers an area of 268.5 square miles northeast of 
Toronto and is bounded by longitudes 79°O1' and 79°29' and by latitudes 
43°03' and 44°47' (Figure 1). The main drainage areas of the basin 
involve Duffins Creek, the Rouge River, and an area in the south that is 
drained by a number of small creeks that flow directly into Lake Ontario. 
Petticoat Creek is the largest of these small streams. Individual 
drainage areas are as follows (Ont. Dept. of sPlanning sand sDevat;el 356)" 


Drainage Area Percentage of 


Stream (sq mi) Total Basin 
Duffins Creek ial 2, 45 
Rouge River 129.27 48 
Petticoat Creek Plus Others 3.9 pus 
Total 268.0 100 


OC eee 


For purposes of this report, the area covered by all three drainage 
systems will be referred to as the "Duffins-Rouge" basin, or the sDaSsiner 

In terms of political geography, most of the basin is divided 
between the Regional Municipality of York in the west and the Regional 
Municipality of Durham in the east, with only a small area in the mid- 
southern part of the basin located in the Municipality of Metropolitan 
Toronto. 

The largest urban centres in the basin are: Markham, Stouffville, 
Pickering, Unionville, and Claremont. The centres of Richmond Hill and 
Ajax are located only partially in the watershed. 


PREVIOUS INVESTIGATIONS 


Past investigations directly related to hydrogeology in the basin 
have been published by the Federal Government in a series of reports 
dealing with ground water in the former townships of Whitchurch 
(Hainstock et al, 1952), Markham (Caley et al, 1948), Scarborough 
(Hainstock et al, 1948), Uxbridge (Gadd, 1950), and Pickering (Caley et 
al, 1947). Each of these publications follows the same format of subject 
presentation and discusses in general terms ground-water occurrence, 
use, availability, and water quality in each of the former townships. 
Delineation of aquifers is not attempted but a brief description of 
permeable deposits in each area is provided. 

On a much larger scale of investigation, Haefeli (1970) discusses 
the regional ground-water flow between Lake Simcoe and Lake Ontario, and 
a large portion of the Duffins-Rouge basin is covered by this study 
area. The report deals with ground-water quality in detail and presents 
a statistical review of hydrogeologic properties of the Quaternary 
deposits in the study area. The report also presents several alternate 
ground-water flow patterns in the area between Lake Simcoe and Lake 
Ontario. 

Ostry's (in preparation) report on the hydrogeology near the mouth 
of Duffins Creek is the only other report to relate directly to ground 
water in the basin. 

The main geologic publications covering partial areas of the basin 
include Pleistocene geology reports by Karrow (1967, 1970) in the 
Scarborough and Thornhill areas, by Hewitt (1969) and Hewitt and Karrow 
(1963) regarding sand and gravel deposits in the watershed, and by 
Dreimanis and Terasmae (1958) regarding stratigraphy of the Wisconsinan 
glacial deposits in the Toronto area. Information on bedrock geology 
has been published by Rogers et al (1961), Karrow (1970) and Ostry (in 
preparation). Rogers et al present only a preliminary bedrock topogra- 
phy map for the Metro Toronto area, and the reports by Karrow and Ostry 
describe bedrock geology and topography in the Thornhill and the lower 
part of the Duffins Creek areas, respectively. General bedrock geology 
reports by Caley (1940) and Hewitt (1972) provide information on bedrock 
geology in the basin in the context of Palaeozoic geology in the 
Toronto-Hamilton area, and in southern Ontario on the whole. 

A conservation report was prepared by the Ontario Department of 
Planning and Development (1956) for the Rouge, Duffins, Highland, and 
Petticoat watersheds. Chapters in the report on land use and water 
include relevant discussions of physiography and overburden geology, 
general surface-water hydrology, and flood-flow analyses at points on 
the Rouge River and Duffins Creek. Other chapters in the report deal 


with history, forestry, wildlife, and recreation in the four watersheds. 

Information on file with the Ministry of the Environment includes 
data in the Duffins-Rouge basin on water-well construction, ground-water 
use, water-supply investigations, and past well-interference and ground- 
water contamination problems investigated by the Ministry. Two internal 
reports on water supply and pollution control (OWRC 1966, 1968) deal 
with hydrogeology in the regional municipalities of York and Durham. 
Data on ground-water occurrence, distribution, availability, and water 
supply in the two publications have provided valuable background infor- 
mation for the present inventory study. 
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GEOGRAPHY 
PHYS IOGRAPHY 


The Duffins-Rouge basin contains three main physiographic regions, 
each region having its own characteristic geologic surficial deposits, 


land terrain, and range of land surface elevations (Map 1). The three 
regions are classed as: 

ay The Oak Ridges Moraine 

ae The Central Till Plain 

Sie The Lake Iroquois Plain 


The Oak Ridges Moraine region is located between the elevations of 
approximately 900 and 1300 feet, and the northern boundary of the 
drainage basin is located in this region. The region is a distinctive 
area of high ridges and hills of sand and gravel that are usually 
covered by a layer of sand till. Local relief is high, especially in 
the eastern parts of the region where sand hills are often more than 100 
feet high. There are only a few streams on the moraine itself as most 
stream development occurs near the base of the moraine at an approximate 
elevation of 1000 feet. Small local swamps are numerous. 

The Central Till Plain is’ the largest physiographic yregion yimiecie 
basin and is located between the elevations of approximately 450 feet in 
the south and 900 feet in the north; most of the land surface is between 
600-800 feet. The majority of the region is covered by the Halton Till, 
but there are sizeable patches of surface sand and clay in the region. 
Large areas of surficial clay deposits are located between Stouffville 
and Claremont, and west of Markham (Map 5). The land surface consists 
of gently rolling, low-relief hills with the largest relief provided by 
stream valleys that are incised 20-30 feet into the rolling plain in the 
north, and 50-100 feet in the southern parts of the region. 

The Lake Iroquois Plain region extends northward from Lake Ontario 
and lies between the elevation of Lake Ontario, at approximately 245 
feet, and the base of the Iroquois shoreline at an elevation of about 
450 feet. The region consists primarily of a gently rolling, bevelled 
till plain with occasional flat sand and clay plain areas that formed 
the bottom of glacial Lake Iroquois. Deeply-eroded stream valleys of 
the Rouge River and Duffins Creek provide the largest relief in the 
region. The Rouge River valley near Rouge Park is approximately 125 
feet deep, while the Duffins Creek valley to the east has been eroded 
close to 100 feet below the surrounding land surface. Numerous gravel- 
pit operations in the northern section of the region follow the general 
trend of the Iroquois shoreline and provide artificial relief to the 
landscape in the otherwise flat terrain immediately south of the old 
shoreline bluffs. 


DRAINAGE 


The watershed area is drained by the Rouge River in the west, by 
Duffins Creek in the east, and by Petticoat Creek and other small 
streams that flow directly into Lake Ontario around Frenchman's Bay (Map 
i) Ihe largest tributary of the Rouge River is Little Rouge Creek, 
which drains the entire eastern part of the Rouge River basin; Bruce and 
Beaver creeks are smaller tributaries that branch from the Rouge River 


west of Markham. The largest tributary of Duffins Creek is West Duffins 
Creek, which drains the entire western portion of the Duffins Creek 
basin. Other sizeable tributaries of Duffins Creek include Michell 
Creek, Brougham Creek and Ganatsekiagon Creek. 

The major streams in the basin trend generally in a northwest- 
southeast direction, and for the most part, the drainage pattern is 
parallel. There is virtually no stream development on the Oak Ridges 
Moraine because most of the precipitation infiltrates into the ground or 
is gathered into enclosed depressions that are found in the area. 
Ground-water discharge, either in the form of flowing wells as in the 
case northwest of Stouffville, or as spring seepage, is a noticeable 
feature and is responsible for the stream development at the base of the 
Oak Ridges. 

Stream valley development for most streams is generally small in the 
northern half of the basin, except for Duffins Creek which has a well- 
defined, deep valley throughout most of its length. Well-defined 
Stream valleys begin to develop in the southern half of the basin and 
the deepest parts of the valleys occur in the approximate area of the 
Lake Iroquois shoreline. At some locations in the area of the shoreline, 
the Rouge River valley is more than 125 feet deep and the Duffins Creek 
valley exceeds 100 feet in depth. At its mouth, the Rouge River valley 
is approximately 75 feet deep, while Duffins Creek has virtually no 
distinct valley at its outlet into Lake Ontario. 

Streambed gradients in the basin are variable but generally steep. 
The gradient along the Rouge River varies from approximately 132 feet 
per mile near its source, to 13 feet per mile as it approaches Lake 
Ontario. The Little Rouge Creek gradients range between 208 feet per 
mile over for the first 0.6 miles, to about 44 feet per mile over the 
last 8 miles. The first 3 miles of Duffins Creek has a gradient of 121 
feet, dropping to 20 feet per mile over the last 4 miles. West Duffins 
Creek has a gradient range of 50 feet per mile over the first 4.5 miles 
to 54 feet per mile over the last 5 miles. A more detailed account of 
gradient profiles is given by the Department of Planning and Development 
(1956) 

Land drainage throughout the basin is good and there are no exten- 
Sive swampy areas in the watershed. Only localized swampy conditions 
exist in some parts of the Oak Ridges and in small portions of the main 
valleys of Duffins Creek and Rouge River. 


CLIMATE 


There are a total of 17 meteorologic stations in operation in and 
around the basin (Map 2). However, the type and continuity of climatic 
data are variable among the stations and data from all stations make it 
difficult to compare the basic climatic factors of temperature and pre- 
cipitation over concurrent periods throughout the basin. There are only 
three stations that have comparable long-term averages of both tempera- 
ture and precipitation: 

1) Oak Ridges, 

2) Richmond Hill, 

3)) Pickering Audley. 

The Oak Ridges station is at an elevation of 1115 feet (above sea 
level), and indicates climate in the northern part of the basin. The 
Richmond Hill station, at an elevation of 764 feet, indicates climate in 
the central area, and the Pickering Audley station, at an elevation of 


300 feet, is in the south near Lake Ontario. 

Both temperature and precipitation averages do not vary signifi- 
cantly at the three stations, as shown by data in Table 1. In general, 
the mean daily temperatures at the Oak Ridges station in the north tend 
to be lower during the winter and higher during the summer than at 
Pickering Audley in the south, but the differences are small. The same 
applies for extreme maximum and minimum temperatures. Mean annual temper- 
atures at the three stations are: Oak Ridges - 44.4°F; Richmond Hill - 
44,.6°F; Pickering Audley - 44.0°F. 

Precipitation is slightly higher at the Oak Ridges station than at 
the other two stations; the annual mean at Oak Ridges is 32.23 inches, 
compared to 30.57 in the middle of the basin at Richmond Hill, and 31.91 
inches in the south at Pickering Audley. 


POLITICAL AND ECONOMIC GEOGRAPHY 


The Duffins-Rouge basin lies within the jurisdictions of three 
major municipalities of the Province of Ontario: the regional munici- 
palities of York and Durham, and the Municipality of Metropolitan 
Toronto. Each of these municipalities is divided into sub-units which 
are identified in Table 2 and located on Map 6. 

Most of the western section of the basin occupies the southeastern 
corner of the Regional Municipality of York, which was formerly the 
County of York. Parts of the towns of Markham, Richmond Hill and 
Stouffville are included in this area. The eastern portion of the basin 
extends into the southwestern section of the Regional Municipality of 
Durham, which includes the towns of Pickering and Ajax, and the Township 
Of.Uxbridge." Prior to January J, 1974, this portion/of& thes regional 
municipality was part of the County of Ontario. 

The basin is in a general state of economic transition from pre- 
dominantly rural to urban-oriented activities. Intensive agricultural 
activity is gradually giving way to functions of urban service and 
industry associated with Metropolitan Toronto and the outlying communi- 
ties of Richmond Hill, Markham, Unionville and Stouffville. One new 
project, the North Pickering Project (NPP), in particular may determine 
the direction of future economic development in the watershed. This is 
a provincially planned urban development complex in the Duffins Creek 
basin south-southeast of Brougham. Associated with the project are a 
number of residential, commercial and industrial developments which will 
intensify urbanization in the area and which could eventually change the 
existing agricultural-based economy in the watershed. 


POPULATION AND LAND USE 


The Duffins-Rouge basin is located on the northern perimeter of 
Metropolitan Toronto, one of the fastest growing urban areas in North 
America. The urban development in Toronto has a distinct spill-over 
effect and is producing a land use and population mosaic in the basin 
that is characteristic of a rapidly developing area. 

In 1975 the basin supported a population of approximately 88,150 
persons (Table 2), and settlement density continues to be focused in the 
extreme western and southeastern portions of the basin in the towns of 
Richmond Hill and Ajax. The communities of Markham, Unionville and 
Stouffville are also major population centres. Urban settlement in the 
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southern sectors of the towns of Markham and Pickering is a significant 
demographic characteristic of the Duffins-Rouge basin. In addition, as 
the North Pickering Project is established, and as the provincial govern- 
ment continues to encourage residential development east of Toronto, 
intensified urban settlement is expected to continue and spread over 
much of the watershed. 

With regard to land use, agricultural use of lands in the basin 
exceeds non-agricultural use by a ratio of 3 to 2 (Table 2). The non- 
agricultural category consists of industrial, commercial, residential, 
institutional and undesignated uses, and it is expected that these uses 
will intensify and eventually exceed agricultural use on the basin 
average. However, agricultural land use will likely continue to be 
primary for some time in the northern areas of the basin. 


Table 2. Population and Land Use, 1975 
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Population 
Area in Density Non-Agric: 
Basin 1975 (persons/ Agric. Land 
Municipality (sq mi) Population sq mi) Ratio 
Regional Municipality of York 
Town of Aurora iL 200 200 56:44 
Town of Markham v2 29,600 400 36:64 
Town of Richmond Hill 20 T5100 750 50:50 
Town of Whitchurch-Stouffville 34 561350 160 hy fos 85 
Regional Municipality of Durham 
Town of Ajax 12 11,900 950 ASS 5a 
Town of Pickering 79 21,800 270 N.A. 
Township of Uxbridge INS 4,850 60 47:53 
Metropolitan Toronto 
Borough of Scarborough nS) Zou 180 S715 


Total Basin 256 Soyo U 330 41:59 


GEOLOGY 
BEDROCK GEOLOGY 
Stratigraphy 


Upper Ordovician shales of the Whitby and Georgian Bay formations 
underlie the watershed and their distribution, as mapped by Hewitt 
(1972), is indicated on Map 3. Hewitt describes the Whitby Formation as 
grey and black shales that are approximately 290 feet thick near Lake 
Ontario, and the Georgian Bay Formation as approximately 600 feet of 
grey shale with interbeds of limestone. 

Drilling of 19 test holes by the Ministry of the Environment during 
field investigations in 1971, 1972 and 1974 indicated grey shales to be 
the most common bedrock directly underneath the overburden in the area. 
However, in several of the test holes it was difficult to differentiate 
between the dark grey till and the underlying grey shales because of the 
soft, weathered nature of the bedrock. This weathering is usually 
restricted to the first five feet of the top of the rock. In well 
10255, approximately 17 feet (of the 20 feet of bedrock penetrated) of 
soft, grey, weathered shale was encountered beneath a grey silt till 
(Appendix A). At this site the exact bedrock/overburden contact was 
difficult to determine during drilling, but the electrical resistivity 
log of the test hole indicated a sharp decrease in resistivity at the 
suspected contact. Similar difficulties in determining the top of the 
bedrock surface_are indicated by drillers who have worked in the area. 
Consequently, some of the "grey" and "black" clay identified on top of 
bedrock in drillers reports may in fact be weathered shale. 


Topography 


The bedrock topography has been presented by Haefeli (1970) for the 
area between the Oak Ridges and Lake Ontario. His report is the only 
publication that covers a large portion of the Duffins-Rouge basin. The 
topography is illustrated by 100-foot contour intervals and covers 
mainly the Rouge River basin in the western part of the watershed. 

Ostry (in preparation) has prepared a bedrock topography map for the 

area of Duffins Creek adjacent to Lake Ontario, and an earlier map by 
Rogers et al (1961) of the Metropolitan Toronto region touches only a 
small area of the basin in the Borough (formerly the Township) of 
Scarborough. Watt's (1957) work in the Borough (formerly the Township) 

of North York and Karrow's (1970) bedrock topography map in the Thornhill 
area are both outside the basin boundaries. However, all these references 
were consulted and their data and topographic trends carefully considered 
in determining the bedrock topography shown on Map 3. 

The present bedrock topography map has been based on data obtained 
from water-well records filed with the Ministry as of December 1974, 
plus data gathered from test drilling by the Ministry in 1971, 1972 and 
1974. The majority of bedrock well locations in the basin have been 
field checked and verified, but in certain areas, notably at Unionville, 
field checking was not possible due to urbanization. 

The distribution of bedrock data is generally good throughout most 
of the basin, except on the Oak Ridges Moraine where only a few water 
wells have been drilled into rock. 
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Bedrock elevation trends throughout most parts of the basin indicate 
a complex system of bedrock channels and highs that have probably re- 
sulted from erosion of the bedrock surface by drainage systems older 
than the last major (Wisconsinan) glaciation. 

Highest bedrock elevations occur in the northern parts of the 
watershed beneath the Oak Ridges Moraine where the shale surface in one 
well just north of the basin is shown to be as high as 660 feet. South- 
ward from the moraine the bedrock elevation decreases towards Lake 
Ontario where well records indicate the elevation of the rock surface in 
many areas to be less than 200 feet. 

A prominent feature of the bedrock surface topography is the 
generally northwest-southeasterly trend of most of the drainage patterns 
in the watershed. This trend is well displayed by the system of valleys 
trending northwest from Lake Ontario between Ajax and Rouge Hill where 
Outlets to two large valley systems are evident. One of these valleys 
runs diagonally across the basin from Squire's Beach to east-northeast 
of Markham, and then swings to the west just south of the boundary 
between the Town of Whitchurch-Stouffville and the Town of Markham. The 
other valley is close to the eastern boundary of the basin and parallels 
the boundary northward. However, data on this system are sparse in the 
northern parts of the basin and its presence and shape is highly inter- 
pretive. Neither of these valleys is known to contain sand and gravel. 


OVERBURDEN GEOLOGY 


Surficial Deposits 


A map of surficial deposits in the basin (Map 5) was compiled from 
existing publications covering the watershed, supplemented by field 
examinations during 1970 and 1971. The map was compiled mainly on the 
basis of information shown on Geologic Map 2124 published by Hewitt 
(1969), with incorporated modifications according to Karrow's (1967) 
report on the surficial deposits in the Scarborough area, and on mapping 
carried out by Gwyn and DiLabio (1973) in the Newmarket area. 

All surface Pleistocene deposits in the basin are attributed to the 
latter stages of Wisconsinan glaciation (Karrow, 1967; Hewitt, 1969; 
Gwyn and DiLabio, 1973). These deposits are related to environments in 
which materials were laid down under glacial ice, in lakes and ice- 
marginal ponds, in meltwater channels and streams in front of and 
between ice lobes, and in ancestoral Lake Ontario known as Lake Iroquois. 
The materials vary in composition, texture, particle size, continuity 
and extent. Deposits laid down under glacial ice consist of poorly 
sorted clay, silt or sand tills that are usually very compact, poorly 
permeable, and often continuous over large areas. Materials deposited 
in lakes and ice-marginal ponds in the area are relatively well-sorted 
and occur as beds of clay, silt and sand: Although some of these 
deposits are extensive, they are usually not as continuous or extensive 
as till sheets. Fluvial deposits consist of well-sorted sands and/or 
gravels and have a generally limited continuity and areal extent. 

Each of the different deposits are associated with specific land- 
forms that portray the mode of deposition. The Oak Ridges Moraine is a 
prominent height of rolling land in the northern part of the basin and 
reflects the deposition of sand and gravel in a primarily fluvial 
environment. A complete description of these materials is discussed 
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under "Kame, Ice-Contact and Outwash Deposits". The rolling till plain 
area covering most of the central region of the basin is covered by the 
Halton Till, which was deposited underneath the last major Wisconsinan 
ice sheet in the area. This till plain has been mapped as "Glacial 
Deposits" shown on Map 5. There are two lacustrine plains in the 
watershed, each covered by stratified sand, silt and clay; one plain 
reflects deposition in ice-marginal pondings in the middle sections of 
the basin (shown primarily as "Fine-Grained Lacustrine and Pond Deposits" 
on Map 5), and the other is the result of deposition of materials in 
Lake Iroquois south of the beachline. These latter deposits consist of 
both fine- and coarse-grained materials of clay, silt and sand. The 
Iroguois beachline itself is a well-defined bluff with well-sorted beach 
sands and gravels to the south of it. 

Alluvial and Swamp Deposits .... There are no extensive areas of 
swamp or alluvial deposits in the watershed. The most significant of 
the deposits that do occur in the basin are found in small swamps on the 
Oak Ridges Moraine, on alluvial terraces and swamps adjacent to the 
lower sections of Duffins Creek and the Rouge River, and at Frenchman's 
Bay. The muck deposits in swamps on the Oak Ridges are confined to 
small closed depressions fed by surface runoff and often by shallow 
ground-water levels in the area. The deposits are generally thin. 

The largest deposits of alluvial sands and gravels occur on stream 
terraces adjacent to Duffins Creek and Rouge River, and are the result 
of recent flooding and deposition of sediments during high water stages 
in the streams. At most localities the deposits are thin and vary in 
composition within short distances from well-sorted sand and gravel to 
poorly-sorted sand, gravel, silt and clay. 

Fine-Grained Lacustrine and Pond Deposits .... There are two main 
areas in the basin where fine-grained deposits of fine sand, silt and 
clay were deposited in glacial pondings and ice-marginal lakes. 

One area is located in an east-west band in the middle of the basin 
where surface silts and clays were probably deposited in ponds fed by 
meltwaters from a retreating glacial ice front. The other area is 
located south of the Lake Iroquois beachline where similar fine-grained 
deposits represent near-shore sediments in a large glacial lake that was 
the forerunner of present day Lake Ontario. 

Within the first area, the surface silt and clay deposits west of 
Claremont and northwest of Markham are stratified and in some localities 
resemble a varving of the clays. For the most part though, the strati- 
fication 2S faint and ditficult to distinguish. ihe weposiies=are 
usually less than 5 feet thick, except in local depressions and stream 
valleys where the thicknesses may exceed 10 feet. 

Within the second area on the Lake Iroquois plain northeast and 
southwest of Pickering, the fine-grained sediments occur as a thin 
veneer on the Halton Till. 

Coarse-Grained Lacustrine and Pond Deposits .... Deposits of 
surface sands represent the generally coarse-grained fraction of materials 
deposited in lacustrine and ice-marginal pondings during the retreat of 
the ice from the basin. The sands southwest of Unionville were deposited 
in a local ice-marginal ponding during deglaciation of the area. The 
sands overlie lake clays and have an average thickness of approximately 
Seto, teeta (Narrow, 1967; p.40)- 

The sands south of the Lake Iroquois shoreline were deposited in the 
shallow-water environment of the glacial lake and overlie the Halton 
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Till that otherwise blankets the surface. Although most of the sands 
are fine-grained, a gradation into coarser-grained materials occurs as 
the sands become interbedded with shoreline gravels towards the north. 
The sands and gravels along or close to the old shoreline commonly 
exceed 15 feet in thickness, whereas the surface sands towards the south 
ace ess thanes feet thick in most’ locations: 

Kame, Ice-Contact and Outwash Deposits .... The kame, ice-contact 
and outwash deposits consist of coarse-grained sands and/or gravels 
deposited by glacial meltwaters in contact with or in front of a re- 
treating ice margin. Coarse gravels make up a large proportion of the 
kame and ice-contact deposits, whereas outwash consists mainly of 
coarse- to medium-grained sand. 

The most extensive kame, ice-contact and outwash deposits of sands 
and gravels in the basin are those associated with the Oak Ridges 
Moraine. The stratified surface and near surface sands and gravels were 
deposited by glacial meltwater derived from a receding ice front to the 
south. A later readvance of the ice covered most of the fluvial materials 
except in the northeastern part of the basin where large areas of 
primarily sand are exposed on the surface of the moraine. Scattered 
patches of sands and gravels are also evident in gravel pits west of 
Lemonville, and in surface deposits west of Preston Lake and west of 
Gormley. 

The thickness of the sands and gravels is variable, but the deposits 
are generally thicker and coarser in the eastern parts of the Oak Ridges 
than in the west. In test hole 4885 in the eastern part of the moraine, 
the sands and gravels have a total thickness of approximately 244 feet; 
however, there are only 70 feet of similar deposits under a till cover 
in test hole 10548 in the west (Appendix A). 

Only a few, scattered surface deposits of outwash occur in the 
basin. They consist mainly of a thin mantle of medium-grained sand over 
sand till, and the largest areas of these sands have been mapped by 
Karrow (1969) near Cherrywood. 

Beach Deposits .... Deposits of beach sands and gravels are 
exposed on the surface south of the Lake Iroquois shoreline. These 
coarse-grained deposits were derived, at least in part, by erosion of 
the underlying till surface by lake waters, but in places a reworking of 
older gravels within or under the Halton Till is indicated. In some 
gravel pits the well-sorted beach gravels are lying on ice-contact or 
outwash stratified sands and gravels. 

All the gravels are exploited extensively by commercial gravel 
operations and as a result, the deposits in the area of the Borough of 
Scarborough are largely depleted (Hewitt, 1969, p.10). There are larger 
reserves of gravel towards the east but these are also being rapidly 
mined for aggregate for the construction industry. 

Glacial Deposits ..... Glacial deposits consist of an unsorted 
debris of sand, silt, clay and stones deposited at the base of the 
glacier and are commonly known as "till". In this area the till was 
originally named as "Leaside Till" by Terasmae (1960). In a more recent 
publication, Karrow (1974) indicates that the Leaside Till is directly 
equivalent to the Halton Till in the Hamilton area, and suggests that 
the latter name be also adopted in the Toronto vicinity. This conven- 
tion will be used in this report, i.e., the surface till previously 
referred to as Leaside Till will be called the Halton Till. 

The Halton Till is commonly a silty sand till, varying in some 
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areas to a silt till and becoming mainly a sand till on the Oak Ridges. 

Detailed grain-size analyses, carbonate ratios and pebble counts of 
the Halton Till samples are discussed in the section dealing with cross 
sections that illustrate the total overburden stratigraphy in the 
watershed. 


Stratigraphy of Buried Deposits 


Information on overburden stratigraphy in the basin has been 
obtained primarily from water-well records submitted by drillers to the 
Ministry of the Environment and from geologic data obtained through 19 
test holes drilled by the Ministry during the study. The locations of 
these holes are shown on Figure 17 in Appendix A. All test holes were 
logged by on-site project geologists during drilling, and the classi- 
fication of materials was made on the basis of visual inspection of 
split spoon samples. Down-the-hole geophysical logs were made of each 
test hole (Appendix A). 

Unconsolidated overburden deposits overlying bedrock are generally 
200-300 feet thick throughout most of the basin, with thicknesses in 
excess of 500 feet found in the Oak Ridges Moraine (Map 4). Within 
these thicknesses there are materials that have been deposited during a 
number of glaciated and ice-free intervals in the area. The deposits 
related to each period vary in grain size, sorting, texture and lateral 
continuity. The lateral continuity is especially important in ‘correlat— 
ing similar deposits in the basin and is discussed at length. 

Buried deposits of till vary from compact sand, to silt, to clay 
tills (Table 3). Subsurface continuity of tills can be traced throughout 
much of the basin and consequently makes the correlation of the tills 
and deposits between the till sheets easier. Buried lacustrine sediments 
of sand, silt and clay occur between the till sheets, but because the 
continuity of these deposits is generally less extensive and because of 
facies changes within the deposits, the direct correlation of lacustrine 
deposits can be difficult. The correlation of fluvial deposits of 
sorted sands and gravels is most difficult because of their limited 
extent, the wide range of possible facies changes, and their limited 
thicknesses. 

In order to understand the variety of materials present in the 
overburden, a brief summary of the historical geology in the area is 
necessary. There is evidence of at least two stages of major glaciation 
in southern Ontario during the Pleistocene times. These are referred to 
as the Illinoian and Wisconsinan glaciations. Evidence of the older 
Illinoian glaciation in the watershed is described by Karrow (1967) who 
considered the clayey sand till with shale fragments found on bedrock 
along the Rouge River as Illinoian. This glacial period was followed by 
the Sangamon interglacial stage, during which time beds of stratified 
sand, silt and clay were deposited in what is referred to as the Don 
Formation (Terasmae, 1960). The early stage of the subsequent Wisconsinan 
glacial period is evidenced by lacustrine deposits of sand, silt and 
clay in the Scarborough Formation. 

There were two major ice advances during the Wisconsinan, separated 
by an interstadial period of cool but ice-free climate. The earliest 
Wisconsinan ice deposited the Sunnybrook Till, and the interstatial 
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period that followed is recorded by sand, silt and clay deposits of the 
Thorncliffe Formation. A subsequent (and last major) Wisconsinan ice 
deposited the Seminary and Meadowcliffe tills, as well as the Halton 
Till found on the surface throughout much of the watershed. 

During the late stages of the Wisconsinan glaciation, the ice sheet 
thinned in the vicinity of the present-day Oak Ridges Moraine and 
eventually split into two major ice lobes. One lobe retreated northward 
into the Lake Simcoe area and the other southward towards Lake Ontario. 
Initial meltwater from the lobes deposited thick sequences of kame, ice- 
contact and outwash sands and gravels, which formed much of the core of 
the Oak Ridges Moraine. 

Several subsequent fluctuations of the ice front covered the Oak 
Ridges intermittently with thin till sheets before the southern ice lobe 
finally withdrew into the Lake Ontario basin. A similar retreat of the 
northern lobe occurred into the Lake Simcoe area (Deane, 1950). It was 
during and subsequent to the withdrawal of the Lake Ontario lobe that 
the present-day surface materials throughout the basin were laid down to 
Mantle the Halton Till. The fine-grained silt, clay and fine sand 
indicate the existence of ice-marginal pondings in the centre of the 
basin, whereas coarse-grained pond and outwash sands north of the Lake 
Iroquois shoreline indicate deposition in shallow ice-marginal pondings 
and associated rivers. As the southern ice lobe gradually receded into 
the Lake Ontario basin, a large glacial lake known as Lake Iroquois was 
formed. It left a prominent shore bluff as it eroded into the under- 
lying Halton Till and redeposited the coarser fraction of the till as 
beach sands and gravels. In some localities Lake Iroquois waters eroded 
through the top till to expose underlying ice-contact gravels which were 
subsequently reworked into beach deposits. Recession of Lake Iroquois 
to the present-day Lake Ontario shore bluffs followed, with the erosion 
of modern stream terraces sculpturing the land into the topography seen 
today. 

Crossescections =... The stratigraphy of the total thickness) of 
overburden deposits in the basin is illustrated by a composite, sche- 
Matic cross section shown in Figure 2. The cross section is based on a 
number of individual sections drawn throughout the basin using accurate 
geologic data obtained from the 19 test holes drilled by the Ministry. 
The correlation of till units is based on grain-size analyses, calcite/ 
dolomite (carbonate) ratios, and on pebble counts, all of which are 
tabled in Appendix B. A summary of these analyses is shown in Table 3. 

For purposes of identification, the overburden stratigraphy in the 
basin is divided into four units: 

a: Upper Drift 
ies Middle Drift 
Er Puinterstadial Drift 
IV Lower Drift 

Each of the four units represents a major period of deposition in 
the area and except for the Lower Drift, each can be identified in most 
areas of the basin. Also, permeable deposits are found in all but the 
Lower Drift, with major buried aquifers occurring in the Interstadial 
and Middle Drift units. These correlations are shown on the table 
accompanying Figure 2. The contacts between adjacent drift units were 
identified as follows: 

1) the contact between units IV and III was drawn on top of the 

readily identifiable basal till in the Lower Drift; 
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Table 3. Summary of Till Analyses 


Grain-Size Analysis Calcite Pebble Count 
pret Clay Sace Sand Dolomite Limestone Dolomite Shale Sandstone Crystalline 
Unit* (3) (3) (3) Ratio (%) (%) (%) (%) (%) 
Hf 22 35 45 533 719 3 2 0) 16 
(43) (43) (43) (40) (38) (38) (38) (38) (38) 
ais 27 40 33 Sard 81 7] 2 0 10 
(27) C277) (2,7) (27) Gr) G19) (19) (19) hey) 
i 36 42 Ze 2.4 
t N.A. 
(4) (4) (4) (4) SSS 
IV 14 20 66 4.6 2 1 87 @) 0) 


(7) (7) W) (7) (3) (3) (3) (3) (3) 


* see Figure 2 


NOTE: Numbers in brackets refer to the number of samples that were averaged. 
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2) the contact between units III and II was taken to be the top 

a of the usually thick lacustrine deposits of fine sand, silt or 
clay in the Interstadial Drift) an thesmiddle parc olathe 
basin this contact is highly interpretive; 

3) the contact between units II and I was taken to be the base of 
the Halton Till in the Upper Drift; this contact is often 
difficult to determine precisely because at many locations the 
Halton Till directly overlies tills in the Middle Drift unit. 

The Lower Drift consists wholly of till that may be equivalent to 
the (Illinoian) York Till described by Karrow (1967) in the Scarborough 
area. Samples of the till obtained through test drilling indicate the 
till to be compact with an abundance of shale fragments in a sandy 
matrix (Table 3). Seven samples of the till had an average composition 
of 14% clay, 20% silt and 66% sand, and an average calcite/dolomite 
ratio of 4.6. The sand till was present in five test holes (4710, 
10548, 4885, 6003, 6004) and in each was found directly on top of the 
shale bedrock. At the four locations south of the Oak Ridges Moraine, 
the till is less than 15 feet thick, but in test hole 4885 on the Oak 
Ridges, the shaly till was found to have a total thickness of 80 féet. 

The Interstadial Drift consists largely of thick, continuous de- 
posits of lacustrine or deltaic sands, silts and clays tentatively 
correlated to the Scarborough and the Thorncliffe formations described 
by Karrow. At some localities these two formations are separated by a 
till possibly equivalent to the Sunnybrook Till. However in most areas 
of the basin, the till is missing and the two sequences of lacustrine 
deposits merge into one thick unit that in places exceeds 200 pice ain 
many areas of the basin these deposits contain the main permeable water- 
bearing formations at depth, and in the area of the Markham and Unionville 
aquifer systems, these sands form a complex of permeable deposits with 
overlying kame sands and gravels found in the Middle Drift unit. 

The Sunnybrook Till correlative was found in only four of the 19 
test holes; test holes 10548,. 12295, 12294, and 4/09.) sihesthickese 
section of the till occurred in test hole 12295 where it was identified 
to be 40 feet. At each location the till. was a dense’ clay, or ycilt till, 
and the grain-size analysis of four samples indicated an average com- 
position of 36% clay, 42% silt and 22% sand. The average calcite/ 
dolomite ratio for the four samples was 2.4. Pebble counts were avail- 
able for only two samples; in test hole 12295 no pebbles were found, and 
in test hole 12294 there were only 5, all shale. 

The Middle Drift consists primarily Of tills with thineinterctrar— 
fied deposits of sands, silts and clays. Significant deposits of ice- 
contact sands and gravels in the middle parts of the basin have also 
been placed in this unit. The tills are tentatively equated with the 
time of deposition of the Meadowcliffe and the Seminary tills in the 
Scarborough area. The sands, silts and clays represent deposition in 
local pondings or lakes during fluctuations of the ice front in the 
area. The ice-contact deposits are probably associated with these same 
Linctuations. 

The composition of the tills is variable, ranging from a clay, toa 
silt, to a sand till in different areas and at different depths. The 
average composition of 27 samples was found to be 27% clay, 40% silt and 
33% sand, with an average calcite/dolomite ratio of 3.2. Limestone 
pebbles were most common, with only minor amounts of crystalline, dolomite 
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and shale pebbles present. Till thicknesses in the order 30-40 feet are 
common. 

The waterlaid deposits of the Middle Drift unit are predominantly 
interbedded silts and clays with only minor beds of fine sand. The 
total sequence is usually less than 20 feet thick. 

Buried kame or ice-contact sands and gravels have been identified 
in test holes 10256, 12293, 6006 and 5831. The gravels were found to be 
very coarse in all four test holes and the lateral continuity of the 
deposits is highly interpretive. However, the sands and gravels are a 
major aquifer unit in the basin and are closely associated with the 
Markham and Unionville aquifer systems. It is likely that the gravels 
in these aquifers occur as individual buried deposits in an otherwise 
continuous fluvial/lacustrine environment of sand and gravel. The 
underlying fluvial/lacustrine deposits may be associated with kame 
deposits of the Middle Drift unit and/or belong to the thick sequences 
of lacustrine deposits in the Interstadial Drift. 

The Upper Drift unit consists mainly of the Halton Till with minor 
interbedded formations of sand and/or gravel. At some locations (test 
holes 6005, 5831, 12294, 6003), the till is very stony or grades verti- 
cally into poorly sorted "dirty" gravels. These complexes of (stony) 
till and gravel are thought to be the result of erosion of the till 
surface by water and/or the deposition of "waterlaid" till in ice- 
marginal ponds or lakes in front of a fluctuating ice margin. 

The Halton Till is a compact silty sand till at most locations. 

The average grain-size composition of 43 samples obtained at different 
depths consisted of 22% clay, 33% silt and 45% sand. The average 
calcite/dolomite ratio for 40 samples was 5.3. As in tills in the 
Middle Drift unit, limestone pebbles were found to be most abundant, 
with small amounts of crystalline, dolomite and shale in the 38 analysed 
samples. 

Although the Halton Till was found to exceed 100 feet in thickness 
in a number of test holes, more common thicknesses range between 50 to 
100 feet in most areas in the watershed. On top of the Oak Ridges 
Moraine and south of the Lake Iroquois shoreline, the till is consider- 
ably thinner, being at most locations only 10 to 20 feet thick. 

Deposits of sand and gravel in the Oak Ridges are part of the Upper 
Drift unit and occur between two sheets of the Halton Till. The deposits 
are very thick in the vicinity of the northern boundary of the basin, 
where approximately 244 feet of continuous sands and gravels were found 
in test hole 4885. The deposits pinch out towards the south and their 
southern extent is indicated by the southern boundary of the "Oak Ridges 
Aquifer" on Map 7. 
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HYDROGEOLOGY 


GENERAL 


Domestic water-supply requirements of rural and municipal systems 
in the basin are presently satisfied almost exclusively by ground water. 
Accordingly, population increases in the basin, especially in urban 
settings, has increased the development of ground water to the point 
that future urbanization must consider surface sources to meet antici- 
pated demands. This problem does not commonly apply to rural domestic 
requirements. 

To determine the full potential of future development and utiliza- 
tion of ground water in the watershed, an inventory of the resource is 
essential. This inventory has been carried out with the specific pur- 
pose of identifying the location and extent of the most major aquifers 
systems in the basin, and estimating the amounts of water available from 
each of the systems. 

Although the inventory considers both bedrock and overburden 
sources, yields from bedrock are small and the discussions centre 
mainly around the major overburden sources. The overburden aquifer 
systems are described in terms of the physical and hydrologic parameters 
that distinquish each system, and estimates of yields from each system 
indicate its potential as a source of water supply. These estimates are 
approximations that reflect orders of magnitude and are not meant as 
definitive statements on the availability of water for the large range 
of possible uses at specific sites in the watershed. The local avail- 
ability of water can be determined only through detailed test drilling, 
which should be undertaken whenever large quantities of water are 
sought. However, the quantitative estimates can be used to direct the 
conservation and use of ground water in areas where ground water is to 
be an essential factor in future land use development. 


DATA BASE 


Hydrogeologic data in the basin have been obtained from a variety 
of sources, the main ones being: 


2h)) water-well records, 

2) published geologic reports, 

3) Ministry test drilling, 

4) observation-well records, 

5) geologic field mapping, and 

6) ground-water studies associated with the Toronto Area Airport 


Project (TAAP) and the North Pickering Project (NPP). 

The basic sources of information on hydrogeology in the basin 
consist of the water-well records submitted to the Ministry by all 
licensed water-well drillers in the Province. As of December 1974, 
there were approximately 3400 records for the basin and these provided 
information on the overburden and bedrock materials, depths to water 
levels and water-bearing zones, details of well construction, and short- 
term pumping test data. The locations of water wells throughout the 
basin are shown on Map 6 and a sample copy of the water-well record form 
is included in Appendix C. 

The continuity and extent of permeable water-bearing formations in 
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the watershed are based largely on geologic information available from 
existing publications. Six publications were found to be especially 
useful and applicable: Karrow (1967, 1970), Dreimanis and Terasmae 
(1958), Watt (1957), Hewitt (1969), and Hewitt and Karrow (1963). These 
publications have provided information on subsurface lithology, strati- 
graphy, and relative ages of geologic materials, and have suggested the 
possible extent and continuity of overburden formations in the region. 
Formal stratigraphic names of major formations, as defined by Karrow 
(1967) and already discussed in the Geology chapter, are used whenever 
possible to facilitate discussions of overburden formations throughout 
the basin. 

Hydrogeologic data obtained from existing water-well records were 
supplemented by precise lithologic logs obtained through an extensive 
test-drilling program carried out by the Ministry in 1970, 1971 and 
1974. The subsurface data gathered through this program formed the 
basis for correlating the extent and continuity of overburden stratig- 
raphy in the basin, and subsequently aided in determining the location, 
extent and continuity of aquifer materials referred to in the existing 
water-well records. 

Water-level discussions are based on data gathered since late 1970 
and early 1971 at nine different observation-well sites in the basin 
(Map 2). Data at‘three additional sites (wells 405, 406 and 512) are 
only short-term and are not discussed at this time. 

A field reconnaissance survey of surface and near-surface geology 
was carried out during 1970 and 1971, during which time notes were also 
made regarding the locations of flowing wells, major seeps and springs, 
and other surface phenomena needed to understand the hydrogeologic 
regimes in the basin. 

Ground-water studies associated with TAAP and NPP provided addi- 
tional data on subsurface geologic stratigraphy, ground-water occurrence 
and aquifer parameters at specific sites in each project area. Data 
from the Toronto Area Airport Project (TAAP) and the North Pickering 
Project (NPP) studies became available during the latter stages of data 
analysis in 1975. However, none of these data are reproduced in this 
report because they are documented in associated publications listed in 
the Selected Bibliography. 


OBSERVATION-WELL NETWORK 


As of January 1976, there were 16 operational observation wells at 
9 sites in the basin (some sites contain more than one well). The 
locations of all these sites are shown in Map 2 and the history of each 
well is shown in the accompanying table. Also included on the map and 
the table are 4 additional wells whose records do not extend into 1976 
(wells 303, 304, 306 and 308). 
There are two basic types of observation wells in the network: 
1 abandoned domestic wells, which were instrumented with con- 
tinuous water-level recorders, and 
2 wells that were drilled during the preliminary study period in 
1970 and 1974 and were subsequently constructed as manually 
measured 2-inch diameter piezometers, or as 6-inch diameter 
wells equipped with continuous water-level recorders. 
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The oldest observation well in the basin is well 106, which was 
constructed in 1963 to monitor the water level adjacent to the Don Mills 
municipal wells #1, #2 and #3. 

Wells 301 to 306 (six wells) are abandoned domestic wells and their 
water-level records extend back to June of 1970. Subsequent to these, 
all observation wells in the network were drilled and constructed by the 
Ministry in association with its test-drilling programs. Wells 308 to 
339 (ten wells) were constructed late in 1970, and wells 405, 406 and 
512 were drilled in 1974. 

Seven of the 20 wells indicate water-table fluctuations and have 
provided continuous water-level data for variable periods of time 
(wells 301, 302, 303, 305, 306, 308 and 329). The remaining 13° wells 
indicate fluctuations of piezometric levels at various depths in the 
overburden; eight of the wells are 2-inch piezometers that are measured 
manually and five wells are 6 to 8 inches in diameter and are equipped 
with water-level recorders that provide continuous records (see table on 
Map 2). 


GROUND WATER IN BEDROCK 


There are approximately 250 wells in the basin that have been 
drilled into bedrock, but only about 25 per cent of these have reportedly 
obtained water of useable quantity for domestic purposes. The other 75 
per cent are reported as either "dry" and/or containing poor quality 
water and consequently not usable as sources for domestic supplies. 

Two areas in the basin have a large concentration of bedrock wells 
(Map 6): 

as near Unionville, in the Regional Municipality of York, and 

De west-southwest of Ajax in the Regional Municipality of Durham. 

Most bedrock wells around Unionville have been drilled as test 
wells for municipal supplies to explore the total thickness of over- 
burden in the area. In almost all cases, water was reportedly found in 
the overburden rather than in the bedrock, and estimates of specific 
capacities of wells and transmissibilities in the shale were not made. 
Near Ajax, a large percentage of the wells have been drilled to bedrock 
because water-bearing zones were not encountered in the generally thin 
Overburden. Twenty-eight bedrock wells in the area have sufficient data 
to allow the calculation of specific capacities which range between 
0.005 and 0.7 gallons per minute per foot of drawdown. The median value 
is 0.05 gpm per foot. Transmissibility values were calculated on the 
basis of domestic well data and according to the method described by 
Ogden (1965). These range between 5 and 1200 gpd per foot, with a 
median value of 60 gpd per foot. 

As evident from these statistics, the shale bedrock has low trans- 
missibilities and consequently yields only small quantities of water to 
domestic wells. Yields (as noted by water-well contractors) from the 
wells are usually in the order of 1 gpm and seldom exceed 3 gpm. Supplies 
of these quantities are usually marginal for domestic uses and would not 
be adequate to meet large requirements. 

Natural gas is a common occurrence in many wells in shale, together 
with reported occurrences of salty and sulphurous water in some wells 
(see Map 13). These quality problems are an added deterrent to seeking 
ground water from the bedrock. 

Most bedrock wells in the basin end in shale and are not drilled 
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through the total thickness of shale to explore the underlying lime- 
stones of the Trenton Formation. Consequently, the occurrences of 
ground water in the deeper shale and limestone formations are not known. 
However, it is expected that the shale is a poor water-bearing unit 
throughout its thickness. The underlying limestones of the Trenton 
Formation are known to be a poor source of ground water east of the 
watershed, and this probably applies to the formation in the basin. 
Therefore, the exploration for water in either the shale or the lime- 
stone bedrock is generally not recommended. 


GROUND WATER IN OVERBURDEN 


Overburden aquifers are the primary sources of water for rural 
domestic and municipal supplies in the basin. While most aquifers yield 
sufficient quantities for domestic uses, larger supplies necessary for 
municipal and large-scale irrigation projects are possible in only 
certain parts of the watershed. Locating these high-capacity areas 
involves extensive data gathering and evaluation. The present study is 
designed to consolidate all physical and hydraulic data available from 
about 3400 water-well records in the basin, and to delineate the major 
individual aquifers or aquifer systems in order to provide a rational 
data base for future ground-water exploration and development. 

The major aquifer systems are indicated on maps 7 and 8 and are 
identified on cross sections shown in Figure 3. Each aquifer system 
represents, for the most part, a continuous permeable geologic deposit 
from which wells obtain quantities of water sufficient for the intended 
uses. These aquifer systems and their continuity and extent have been 
identified on the basis of the similarity of geologic materials and 
context, Similar elevations of the top of each aquifer, and a consider- 
ation of the elevations of static water levels in completed wells in 
each aquifer. Formations with approximately similar elevations and 
static levels were interpreted to be part of a continuous aquifer system. 
The approximate elevation of the top of each aquifer system is shown in 
brackets after its name. 

It should be noted that the interpretations of aquifers based on 
Similarity of elevations sometimes necessitate a liberal degree of 
judgement regarding the extent and continuity of permeable geologic 
deposits. It is recognized that at times this judgement is made with 
little data in some areas and consequently, the aquifer interpretations 
presented in this report should be considered tentative and subject to 
modifications as new or more exact hydrogeologic data become available. 

To simplify the presentation of overlying aquifers, the aquifers 
are shown on two separate map sheets. Aquifers in the "upper" aquifer 
system generally overlie those in the "lower" system. In areas where 
there is only one system, the system is shown on the upper aquifer map 
(Map 7). 

Each aquifer system represents an area in which water can usually 
be obtained at depths similar to those indicated on the maps. However, 
in some of the larger systems such as the lower Markham and Greenwood 
aquifer systems, the deposits may have variable grain-size distribution 
both horizontally and vertically, and the deposits may not be permeable 
at depths similar to those shown on the maps. In these cases, ground 
water may be obtained from variable depths in the aquifer systems, or 
from other undefined aquifers in the area. 
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There are areas in the basin where it has not been possible to 
identify discreet aquifer systems. The continuity and extent of deposits 
in these areas could not be identified reliably either because of insuf- 
ficient data to interpret their extent, or because of the complexity of 
the local lithology. Existing wells in these areas usually obtain water 
from local lenses of sand and gravel at varying depths. Often shallow 
dug wells in poorly-permeable materials yield enough water for conserva- 
tive domestic uses. 

Fourteen aquifer systems in the basin have been identified and 
named: 

a Oak Ridges 


Ze upper Markham 

oh lower Markham 

a. upper Unionville 
5. lower Unionville 
Ga upper Victoria 
7s lower Victoria 
Se upper Brougham 
oe lower Brougham 
10. Greenwood 

i. Atha 


2 Green River 

13. Pickering 

14. Cedar Grove 

No attempts have been made to incorporate into the present report 
the locations and extent of the permeable formations identified by Ostry 
(in preparation) in the lower part of the Duffins Creek area, or those 
mapped by Morrison (1976) on the NPP site. It is felt that the fine 
detail of mapping carried out by both Ostry and Morrison is not fully 
compatible with the scale of data interpretations presented in this 
report in which only large-scale aquifers have been mapped. 

Each of the 14 aquifer systems have characteristic physical and 
hydraulic properties that distinguish them from adjacent ones. These 
characteristics are summarized in tables on maps 7 and 8. The physical 
characteristics shown in the tables have been collated from water-well 
records filed with the Ministry. However, only limited data are avail- 
able on aquifer coefficients of transmissibility and storage. The 
coefficient of transmissibility (T) was calculated for only those 
domestic wells that have a specific capacity greater than 1 gpm/ft, and 
for wells with long-term pumping tests, i.e., mainly municipal wells. 
The method of calculating T for domestic wells is described by Ogden 
(1965). These formulae are given in Appendix D. For this calculation, 
the coefficient of storage for confined aquifers was assumed to be Gaol Onn 
and 0.1 for water-table aquifers. The Hantush (1964) leakage formula 
was used where a non-steady state flow was indicated from associated 
observation-well data; otherwise the Jacob (1953) Simplified formula was 
applied (Appendix D). Where possible, the coefficients of leakage (L) 
were also calculated using the Hantush formulae. 

The three coefficients (T,S,L) are presented (on the maps) primarily 
for general information since discussion of the significance of these 
values is beyond the present scope of the report. 

The specific capacity of a well represents the amount of water 
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available from that well, per foot of water (or available drawdown) in 
the well. The value is not constant but varies with factors such as the 
degree of penetration of the aquifer, clogging of the well screen, well 
development, and the caving of the aquifer material around the well 
screen. All these factors tend to reduce the efficiency of a well and 
therefore its specific capacity. 

The calculated specific capacities shown on maps 9 and 10 relate to 
the estimated probable well yields for each of the aquifer systems. The 
higher the specific capacity, the higher the probable yield. However, 
the relationship is not constant and there can be large variations. 
Consequently, the indicated values should be used for comparitive 
purposes only rather than for estimating yields of new wells. The 
probable well yields shown on the maps have been based partly on specific 
capacity values, with the additional factors of geologic material, 
thickness of aquifer penetration, type of well, etc. being considered 
collectively. 


The Oak Ridges Aquifer System 


The largest complex of closely associated aquifers in the basin is 
referred to as the Oak Ridges aquifer system. The system is located in 
a broad east-west belt in the northern part of the watershed (Map 7) 
where it coincides closely with the physical outline of the Oak Ridges 
Moraine. It has a surface area of approximately 86 square miles. 
Aquifers in the unit consist of fluvial sands and gravels of variable 
extent, continuity and thickness. The thickest saturated deposits occur 
in the northern and eastern parts of the basin where thicknesses commonly 
exceed 100 feet; these deposits get progressively thinner and pinch out 
completely towards the south. The average saturated thickness of the 
total system is about 50 feet. 

Most of the uppermost aquifers in the system are unconfined, with 
water-table depths ranging from about 20 to 50 feet below ground sur- 
face. Piezometric surface depths in the deeper confined aquifers range 
from 0 (flowing wells) to approximately 130 feet. A number of deep 
wells in the northeastern part of the aquifer have piezometric surface 
depths in excess of 200 feet. However, static depths of this magnitude 
are rare. 

The water-level contours in shallow wells on the Oak Ridges (Map 
11) indicate a gradual water-level slope towards the south. The upper 
stretches of Bruce Creek and Duffins Creek are two streams that signi- 
ficantly influence the configuration of shallow water levels. Both 
streams receive ground-water discharge from unconfined aquifers in the 
unit and this discharge is probably significant in providing surface 
runoff to the headwater stretches of Bruce Creek north of Gormley and to 
Duffins Creek and its headwater tributaries northeast of Claremont. 

The confined aquifers of the Oak Ridges system west of Stouffville 
have piezometric surface elevations above ground and consequently most 
wells in the area flow (Map 14). Static water levels in most of these 
wells are less than 5 feet above ground level and therefore the indi- 
vidual flows are small. However, since there are approximately 130 
flowing wells in the area, the total ground water released to surface 
drainage is significant. In fact, streams in the area consist almost 
wholly of ground water released from flowing wells, and this places a 
special importance on ground-water discharge in the area. In all pro- 
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bability, if the flowing wells did not exist, neither would many of the 
small headwater streams during dry summer months. 

It is a popular belief that the Oak Ridges Moraine is a significant 
ground-water "recharge" area that should be protected from future urban- 
related land development. This concept places obvious constraints on 
future development in the area that cannot be justified on the "recharge" 
theory. On the contrary, much of the Oak Ridges area is covered by 
poorly permeable till on the surface, which allows Little?! localmines 
tration of precipitation. Significant quantities of precipitation 
infiltrate only where the till cover is very thin (<5") and where sands 
and gravels outcrop. Consequently, it is only these areas that can be 
labelled as significant "recharge" areas in which carefully planned land 
development must be exercised. Development on surface till areas on the 
moraine is a viable concept that would probably not endanger ground- 
water quantity or quality significantly. Therefore, the concept of 
"recharge" should not be applied categorically to all of the Oak Ridges 
Moraine area. Rather, it should be recognized that there are certain 
high infiltration areas on the Oak Ridges in which ground water is 
rapidly replenished by precipitation. It is primarily the Oak Ridges 
aquifer system that benefits directly from this replenishment. It may 
not be reasonable to expect that distant aquifers such as the Unionville 
aquifer systems obtain any direct benefit from this recharge. The 
Victoria and Markham aquifer systems likely receive some leakage from 
the Oak Ridges aquifers, but because of the large sizes of these southerly 
system, local recharge through vertically downward flow to the aquifers 
can likely be considered more significant. However, it is indisputable 
that water in the Oak Ridges aquifer system provides a head drive to all 
ground water adjacent to it (north and south). 

Individual well yields in the Oak Ridges aquifer system are vari- 
able, depending on the location of the well and the particular permeable 
zone it penetrates. Wells located in the eastern parts of the Oak 
Ridges physiographic region will have generally higher yields because 
the individual aquifers in the system contain thick saturated deposits 
of sands and gravels, while in the western parts of the region less 
permeable sands are the more dominant aquifer materials. Domestic 
supplies (up to 10 gpm) are readily obtainable from all drilled wells 
within the Oak Ridges aquifer complex and most wells should yield 50 gpm 
and more. Larger quantities of water for municipal and irrigation uses 
are available and it is estimated that in many areas yields in excess of 
100 gpm are possible. For example, Oak Ridges municipal wells #1 and #2 
have capacities of 170 and 300 gpm, respectively, and Stouffville wells 
#5 and #8 are rated at 700 and 350 gpm, respectively. 

Specific well capacities in the Oak Ridges aquifer complex vary 
over a large range. The maximum of 53 gpm/ft is the capacity calculated 
for Stouffville municipal well #5, but many values for domestic wells 
are less than 0.1 gpm/ft. At a value of 0.1 gpm/ft, a domestic well 
would have to have a minimum of 20-30 feet of water in the well to 
provide adequate supplies for domestic uses. With less water in the 
well, the pumping would have to be regulated during continuous demands 
to avoid the well going temporarily "dry". 


The Upper and Lower Markham Aquifer Systems 


The upper and lower Markham aquifer systems are located near the 
centre of the basin between Markham and Stouffville (maps 7 and 8). The 
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two systems are superimposed on top of each other GLrECELY north-of 
Markham, but the lower aquifer is larger in total area and extends 
across the eastern boundary of the Regional Municipality of York into 
the Durham region. 

The upper aquifer system is assumed to be part of a system of kame 
and glacio-fluvial deposits in the Middle Drift unit, and the extensive 
sands found in the lower system probably belong mainly to the Inter- 
Stadial Drift unit. This complex of Middle Drift and Interstadial Drift 
deposits predominates in the area and is indicated in Figure 2 in the 
area of test holes 10253, 10254 and 10256. Very coarse gravels in the 
upper aquifer were encountered in test wells 10253, 10256 and 4127 (see 
well logs in Appendix A). In the latter two wells the drilling had to 
be terminated in the coarse gravels because the drilling equipment was 
not adequate to penetrate the coarse deposits. The average thickness of 
continuous sand and/or gravel in each aquifer is approximately 30 feet. 

The separation of the upper and lower aquifers has been based 
mainly on differences in the elevation of the top of the aquifers (at 
which water is usually located). Since there is little difference in 
static water levels in the two aquifers systems, a good hydraulic 
continuity exists between the two aquifers. It is suspected that at 
some locations the two systems form essentially a continuous aquifer 
Unite. 

The elevation of the top of the upper aquifer system ranges from 
550 feet to 615, with a mean of 580 feet. In contrast, the top of the 
lower aquifer system ranges in elevation from 474 to 555 feet, with a 
mean elevation of 540 feet. Average depth to top of the upper system is 
about 120 feet, while the top of the lower system is found at an average 
depth of 160 feet. 

Both aquifers are confined and the depths of static water levels 
vary from flowing (0 depth) in both systems to 130 feet deep in the 
upper aquifer and 90 feet in the lower. Average water-level depths are 
in the order of 20-30 feet. Flowing wells in both aquifers have been 
encountered mostly adjacent to Little Rouge Creek north and northeast of 
Markham. 

Individual specific well capacities in domestic wells in the two 
aquifers are variable and the probable potential yields to wells range 
from 10 gpm to 50 gpm (maps 9, 10). These yields are more than adequate 
for domestic needs and are sufficient to satisfy small-scale irrigation 
and municipal demands. Potential yields greater than 50 gpm exist over 
a large area in the upper system and in several small areas in the lower 
system. These areas contain primarily coarse sand and gravel. Mainly 
sand is found in areas where the potential yields are estimated to be 
10-25 gpm and 25-50 gpm. One Markham municipal well is in the lower 
system and the other is in the upper one, and both are rated at a 
potential capacity of 1000 gpm. However, only a few wells could be 
developed to this capacity in either of the aquifers without significant 
water-level lowerings occurring locally. 


The Upper and Lower Unionville Aquifer Systems 
The upper and lower Unionville aquifer systems are almost identical 
in shape and are centered roughly under Unionville just west of Markham. 


The two systems are part of the Middle Drift-Interstadial Drift complex 
that occurs in the area. Sand is the predominant material in each 
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system, but very coarse sand and/or gravel can be found locally. 
Average saturated thicknesses of aquifer materials in both systems are 
about 20 feet and most domestic wells penetrate only about 5 to 10 feet 
into each aquifer to obtain the required supplies. 

The differences in elevations of the tops of the two aquifer 
systems vary between 50-100 feet. The mean elevation of the top of the 
upper aquifer is about 550 feet and the top of the lower aquifer is at 
about 480 feet. 

At most locations there are only slight differences between the 
elevations of static water levels in wells in the two system; the 
difference is usually less than 10 feet, with water levels in the lower 
aquifer unit being generally lower (maps 7, 8). In the flowing well 
area (shown on Map 14) where the wells flow from both aquifers, the 
piezometric surface in the lower aquifer is slightly higher than in the 
upper aquifer zone, indicating an upward component of ground-water 
movement. 

Existing data indicate probable well yields in the 25-50 gpm range 
in most areas in the upper system and 20-25 gpm throughout most of the 
lower unit. Yields in excess of 50 gpm in each system are possible, as 
indicated by two Unionville and a total of seven Thornhill municipal 
wells (outside basin) in the lower system, and one Unionville municipal 
well in the upper unit. The yields for these wells vary from 150 to 700 
gpm, which is an indication of local potential yields in the two systems. 
However, past interference with water levels in nearby domestic wells 
suggests that the 700 gpm value is probably too high to be considered a 
safe sustained yield without appreciable drawdown of the piezometric 
surface and possibly the eventual local dewatering of the aquifer. The 
350 gpm indicated for each of the Don Mills (Thornhill) #1 and #2 wells 
in the lower Unionville aquifer is probably a realistic value in the 
area. 


The Upper and Lower Victoria Aquifer Systems 


The upper and lower Victoria aquifer systems are located northeast 
of Richmond Hill in the vicinity of Victoria Square in the Rouge River 
sub-basin. The northern boundary of the upper aquifer system underlies 
a small part of the Oak Ridges aquifer, while deposits in the lower 
aquifer are located much deeper and extend farther north under the 
southern part of Oak Ridges Moraine. 

Both systems are primarily in the Middle Drift unit where fine to 
coarse sand is the most common permeable material in the area. Occa- 
Sional occurrences of gravel have also been noted. Average saturated 
thicknesses of sand in either aquifer are small, with an estimated 
average thickness of 15 feet in the upper aquifer and only 10 feet in 
the lower unit. Most wells in either aquifer usually penetrate less 
than 10 feet of sand to obtain domestic supplies. 

The elevation of the top of the upper Victoria aquifer system 
ranges from 637 to 740 feet, with a mean value of 680 feet, and the 
elevations in the lower system range from 545 (a singularly low value) 
to 644 feet, with a mean of 600 feet. Average depths to the tops of the 
upper and lower systems are 70 and 150 feet, respectively. 

Water-level elevations in wells in the two aquifers are similar, 
with water levels in the lower aquifer being generally higher than those 
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in the upper system. Elevations in the upper aquifer range from 702 to 
798 feet, and in the lower aquifer from 710 to 792 feet. These eleva- 
tions correspond to average water-level depths of approximately 20 feet 
in wells in each system. In the southern portions of the lower aquifer, 
some water levels are above ground surface and this results in flowing 
wells. The flowing wells are especially evident in topographically low 
areas such as in the vicinity of Bruce Creek and other small streams in 
the area (Map 14). A few wells in the upper aquifer in the vicinity of 
Bruce Creek also flow. 

Potential well yields in the lower aquifer system are generally 
much higher than in the upper system. Whereas most of the upper system 
has potential yields of 2-10 gpm, yields over the majority of the lower 
system fall in the two ranges of 10-25 and 25-50 gpm. More than 50 gpm 
is probable from wells in two separate areas indicated on Map 10. In 
both of these areas the formation consists mainly of sand and gravel in 
an otherwise predominantly sand aquifer. 


The Upper and Lower Brougham Aquifer Systems 


These two aquifer systems are in the Duffins Creek basin in the 
vicinity of the Brougham. The lower system has a surface area of 
approximately 12 square miles and the upper has an area of approximately 
8 square miles. 

Both systems consist mainly of fine to medium sand, with the upper 
aquifer being part of a regional lacustrine deposit within the Middle 
Drift, and the lower aquifer located in a sequence of Thorncliffe sands 
found in the Interstadial Drift. The two systems are separated by 
approximately 110 feet of silt, clay and till, with the elevation of the 
top of the upper aquifer at approximately 640 and the lower at 530 feet. 
The upper system has an average thickness of 20 feet of water-bearing 
sands, while the lower system contains an average of only 10 feet of 
permeable sands. 

Both aquifer systems are relatively deep. The total range of 
depths for the upper system is 20-191 feet, with an average depth of 120 
feet; the range of depths for the lower system is 14-283 feet, with an 
average depth of 110 feet. For each system, the shallower depths occur 
in the valley of Duffins Creek where both aquifers are cut partially by 
the valley. This leads to considerable ground-water discharge from each 
aquifer into Duffins Creek. 

The piezometric surface configuration in both systems shows a dip 
toward the south-southeast, with Duffins Creek having a pronounced 
effect on the configuration in the lower aquifer. In areas of overlap 
of the two systems, the water level in the upper aquifer is approxi- 
mately 40 feet higher (in elevation) than in the lower aquifer. Only 
one well in the lower aquifer (in the valley of Duffins Creek) flows, 
while none of the wells in the upper system flow. 

Expected well yields from each aquifer are in the order of 10-25 
gpm. However within this range, individual well yields in each system 
are variable. Most domestic wells are usually inefficient and will 
yield small quantities of water (3-5 gpm), while a properly screened 
well of 5 inches in diameter or larger that is developed for high capacity 
should readily yield higher quantities of water. 
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The Greenwood Aquifer System 


The Greenwood aquifer system is located in the central part of the 
Duffins Creek basin and the northern portion of it underlies the Brougham 
lower aquifer. The top of the Greenwood aquifer is at an approximate 
elevation of 440 feet and is the lowest significant overburden aquifer 
system identified in the area. 

The aquifer system consists mainly of fine to coarse sands with 
gravels reported in some wells. These materials belong to the Inter- 
stadial Drift unit of lacustrine sands and associated with fluvial, 
coarse-grained deposits. In MOE test hole 4709 the sands varied from 
medium to coarse with lenses of gravel, while in test hole 6003 the 
sands were primarily fine- to medium-grained with no associated gravels. 
Materials directly overlying the aquifer consist of either fine-grained 
lacustrine sand, silt and clay (as in test hole 4709), or till (as in 
test hole 6003). 

The average thickness of the permeable portion of the deposit is 
approximately 20 feet, although most domestic wells penetrate less than 
this thickness. 

Depths to the top of the aquifer vary from 5 to 421 feet, with an 
average of 130 feet. The aquifer was encountered at a depth of 148 feet 
in test hole 4709 and at a depth of 170 feet in test hole 6003. The 
shallower depths occur generally in the southern parts of the aquifer 
where the land elevation is lower, and in the valley of Duffins Creek 
which is cut partly into the aquifer: 

The piezometric surface in the vicinity of Duffins Creek in the 
eastern part of the aquifer dips eastward towards the stream valley, 
while in the southwestern part of the aquifer the dip is southeast. 

Only one well in the aquifer flows, although a number of wells in the 
vicinity of the valley of Duffins Creek have high (shallow depth) static 
water levels. Average static water-level depth is approximately 55 feet 
below ground surface. 

The estimated probable yields to wells in the aquifer are approxi- 
mately 10-25 gpm, although higher yields are possible from local gravelly 
portions in the northern parts of the aquifer. These gravels appear to 
be generally thin and it is highly unlikely that any one well can be 
developed to exceed 100 gpm because the available drawdowns are small. 


Atha, Green River, Pickering and Cedar Grove Aquifer Systems 


Each of these aquifers is of relatively small importance and only a 
brief description of the important features of each is presented. Each 
system covers an area of less than 10 square miles and the water-bearing 
zones in each are probably significant only locally. The Atha system is 
part of the Upper Drift unit, the Green River is probably in the Middle 
Drift unit, and the Pickering and Cedar Grove systems are located in the 
upper part of the Interstadial Drift unit. 

Ground water in the Atha aquifer is obtained from shallow,local 
lenses of sand and/or gravel less than 50 feet deep in the Halton Till. 
Very often the gravel-like material represents a modified (washed) till 
from which some of the fines have been washed out. However because of 
poor sorting, the remaining gravel-like material has generally a low 
permeability and individual well yields are sufficient to satisfy 
mainly domestic requirements. The average thickness of individual sand 
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and gravel lenses is approximately 10 feet. In places where the gravels 
represent washed till, the thickness of well-sorted, permeable materials 
is less. 

The Green River and Pickering aquifer systems consist primarily of 
sands found in their respective drift units. Sands in the Pickering 
System are generally coarse and often interbedded with gravels. The 
deposits have an average thickness of about 10 feet near the top of the 
unit, but greater thicknesses may be encountered in wells drilled deeper 
into the unit. Most wells in the Green River aquifer system encounter 
water at an approximate depth of 100 feet, and in the Pickering system 
at about 30 feet. 

The Cedar Grove aquifer is found in the upper part of the Inter- 
Stadial Drift unit and may be a continuation of the Greenwood aquifer to 
the northeast. The aquifer material consists of sand and/or gravel 
approximately 20 feet thick, with existing domestic wells in the aquifer 
penetrating an average of 5 feet into the aquifer to obtain sufficient 
supplies of water. The average depth to the top of the formation is 
approximately 80 feet. 

Probable well yields from the Pickering and Cedar Grove aquifers 
can be expected to range from 10-25 gpm in the coarse sand and gravel 
portions of each aquifer, while yields in the Atha and Green River 
systems can commonly range from 2-10 gpm. Expected yields from all the 
aquifers are sufficient to satisfy domestic requirements, but substan- 
tially larger yields may be difficult to obtain. 


GROUND-WATER MOVEMENT 


Ground-water movement is a three-dimensional process that involves 
complex inter-relationships among the occurrences and permeabilities of 
geologic materials, hydraulic gradients, and ground-water recharge and 
discharge phenomena. These inter-relationships are variable throughout 
the basin and consequently produce intricate and complex ground-water 
movement patterns that are difficult to assess and describe accurately. 

For simplicity, ground-water movement in the watershed is presented 
1) in the horizontal plane in shallow systems by the configuration of 
the water-level contours on Map 11, and 2) in both horizontal and 
vertical planes in the deeper confined aquifer systems delineated on 
maps 7 and 8. The estimated quantities of steady, horizontal ground- 
water movement in each of the confined aquifer systems is shown in Table 
4, and the quantities of vertical flow downward into each aquifer is 
given in Table 5. Assuming that recharge vertically upward towards each 
aquifer is negligible, the downward flow represents the main source of 
recharge to each system. 


Horizontal Component 


The horizontal component of ground-water movement in shallow 
systems (Map 11) is generally southward from the Oak Ridges Moraine 
towards Lake Ontario. Locally, the movement is towards major streams, 
with Duffins Creek, West Duffins Creek, Rouge River and Little Rouge 
Creek being major discharge areas for shallow ground water. 

The horizontal components of flow in deeper aquifer systems shown 
on maps 7 and 8 conform to the southward flow pattern dominant in shallow 
systems, and the major streams again influence piezometric surfaces in 
the underlying aquifers. The effects of Duffins Creek on piezometric 
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surfaces in the Greenwood and the lower Brougham aquifer systems is 
pronounced, resulting in a significant quantity of ground water flowing 
into Duffins Creek from these aquifers (Table 7). The horizontal 
component of ground-water flow in both of these aquifers amounts to 
approximately 0.4 mgd (0.8 cfs) towards Duffins Creek (Table 4). 

The average flow of 4.5 mgd in the Oak Ridges aquifer is assumed to 
represent the horizontal component of (unconfined) flow over the total 
area of 86 square miles of the complex. 


Vertical Component 


The vertical component of ground-water movement has been determined 
only for areas overlying the aquifer systems shown on maps /anGges. 

This investigation has involved the determination of upward or downward 
movement of water in saturated areas above each aquifer, and the quanti- 
fication of downward movement of water towards each aquifer (Table 5). 
These quantities represent the main component of recharge of water to 
each aquifer. 

The vertical direction of movement was determined by comparing the 
elevations of water levels in shallow ground water shown on Map ll, to 
the elevations of the piezometric surfaces in the aquifers shown on maps 
7 and 8. The results are indicated in figures 4 and 5. Downward 
movement of water occurs generally in areas where the elevation of water 
levels in shallow ground water is higher than the piezometric surface 
elevation in the underlying aquifers, and an upward component results in 
areas where the water level in shallow ground water is lower. 

Each of the major identified aquifer systems are overlain by areas 
of both upward and downward flow. Areas of upward flow occur in topo- 
graphically low areas such as stream valleys, and areas of downward flow 
are coincident with topographically high areas of land. The valleys 
associated with Duffins Creek, Rouge River and their major tributaries 
are all areas of upward movement from the deep aquifer systems. The 
large area of upward flow in the Oak Ridges Moraine incorporates the 
Stouffville flowing well area. Most of the other areas of upward flow 
also contain flowing wells. 

Areas of downward flow over confined aquifers represent locations 
where ground water percolates into the deeper confined systems. In the 
unconfined portions of the Oak Ridges aquifer, the direction of ground- 
water movement is assumed to be downward. 

Based on leakage values shown in the tables on map 7 and 8, the 
aveyage value for materials overlying all aquifers was assumed to be 3 x 
Oe gpa/ft?. The quantity of flow was based on the equation: 
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where: = downward flow (mgd) 
coefficient of leakage (gpd/f£t?) 
= surface area of downward flow (sq mi) 


= head difference across confining bed (ft) 
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Estimates of downward flow towards the Pickering and Cedar Grove 
aquifers were not made because of the small areas of downward flow over 
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Table 4. Horizontal Component of Ground-Water Movement Within Each of 
the Major Aquifer Systems 
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Average Approximate Horizontal 
Transmissibility,T Gradient,I Width, b Flow, Q 
Oak Ridges 3800 63 19 4.5 
Markham 
upper 3500 eS cee) Oe LO 
lower 2700 16 6.8 0.29 
Unionville 
upper 2000 Ls Seo OFLO 
lower 3700 18 4.0 Of27 
MrCcOrLa 
upper 1800 24 4.0 OnLy. 
lower 2500 30 52 On 39 
Brougham 
upper 1800 40 228 OF 20 
lower 1300 58 570 O38 
Greenwood 1500 54 Se) 0.41 
Atha 500 40 Sea 0.07 
Green River 1600 36 oak OZ. 
Pickering 1600 Sul 126 0.08 
Cedar Grove 1600 30 Ane} 0.07 
Q = TIb x 107° 
Q = steady horizontal component of flow in aquifer (mgd) 
fe= Stransmiscipriaty  (gpd/£t) 
I = gradient across aquifer (ft/mi) 
b = width of aquifer perpendicular to direction of flow (mi) 


33 


: ' 
“BID NGS 2 wie iS tists & 
iS We sy S9-—Qeaet 
HOE =n i a) Ae 50 
FSOZCEES cSESH5N 
SZOHVOAS S2N5250 o 
SO 5I°EcCO CHORO EON Sm ” 
Qa lo o> o50 0° 5 a= aclOs ® 
— v0 Bees Ts Si ee ee = 
Z \ re Sef oeSes : 
WW Oo era) ae OQ) S233 tS > fa tins! ary & 
0 Be Scant atte 6 Soe Og Ss ue 
bead pel ml SH of I ae sae Ge! a oa 1 
= HU  —  Eitinttes c > 0 {a0} 
LW ie eS ee © eh @) Oe = Sie oO fs) 
= w o252 isi sesh Se ee Se ” 
E£SLBYZLO a9 See oes = 
SI OL OMZTIN Sate OE sS 
eSfZ5>359 oO®252905 
LeVyGoCe 2 oo oO 
SSS Se ty & LIsaqalassa ° 


RAS es <e\ 
SESS 


hij in 


Co 
YY Lifg Z, 
I¢Gy YY} YU, 
Yr Yr rr iy, ff 
Vey Gj VC 
/ / 7G 


Wn <\ 
\\ 

\\ S&S Zk Q 
Ne We 


ER 


We J) 
INA, 


WZ. 
2D 
U7 


is 
NESS: 
‘\ WA, As 


wa 
@ 


% 


34 


Vertical direction of ground-water movement through materials overlying the upper aquifer systems in the 


overburden. 


Figure 4. 
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Figure 5. Vertical direction of ground-water movement through materials overlying the lower aquifer systems in the 


overburden. 


Table 5. Vertically Downward Movement of Ground-Water to Each of the 


Major Aquifer Systems 


Surface Area of 
Downward Movement, * 


Aquifer (sq mi) 
Oak Ridges? 86 
Markham 

upper a eg 

lower 4.7 
Unionville 

upper eA) 

lower Se) 
Victoria 

upper 8.4 

lower 2.4 
Brougham 

upper Ona 

lower 23.0 
Greenwood AL ABALO) 
Atha 5.5 
Green River 228 


Average Head 


Difference, 
(£t) 


Ah 


Leakage, Downward 
L 3 Flow, Q 
(gpd/ft" ) (mgd) 


- bei are 


-4 
3x10 Oo; 
6) 


OO 8 O W 
OV 0. © WO 


& 
e 
Ox) 


TOtaL 3 


*see figures 4 and 5 
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for the purpose of estimating downward movement of water into the 


Oak Ridges aquifer, the system is assumed to be unconfined over 
Average infiltration over this 
area is assumed to be 0.2 mgd per square mile. 


its entire area of 86 square miles. 


27.87 LAAh 


= downward flow (mgd) 


tan ee, 1@) 
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coefficient of leakage (gpd/£t?) 
surface area of downward movement over aquifer (sq mi) 
= head difference across confining bed (ft) 


each aquifer. Estimates of flow into the Oak Ridges aquifer were made 
on the basis of an average surface infiltration rate of 0.2 mgd/square 
mile applied over the total surface area of 86 Square miles. 

The relatively large downward flows towards the Brougham and 
Greenwood aquifers are the result of large head differences created by 
the discharge of water from each aquifer into Duffins Creek. For the 
upper and lower Brougham aquifer systems, the 4.7 mgd combined flow 
(Table 5) corresponds to approximately 5.4 cfs discharged into Duffins 
Creek. To maintain this discharge, approximately 9 inches of precipi- 
tation would have to infiltrate over the 8.2 square mile area of the two 
systems. Following the same line of reasoning for the Greenwood aquifer, 
the 4.6 mgd downward flow corresponds to a discharge of 522° cis) into 
Duffins Creek. This is equivalent to 6.4 inches of precipitation added 
to ground water over 11 square miles of the aquifer. 


WATER-LEVEL FLUCTUATIONS AND CHANGES IN STORAGE 


There are abundant water-level data in the basin, with a total of 
20 observation wells scattered throughout the watershed (Map 2). The 
water-level hydrographs for most of these wells are similar and repre- 
sentative trends are shown by fluctuations in nine wells indicated in 
Figure 6. The annual high and low levels prevalent on the hydrographs 
occur consistently in the spring and late summer months. The total 
range of fluctuations are also consistent in any one well from year to 
year, but vary with individual well locations and depths. 

The average annual ranges of water-level fluctuations shown in 
Figure 6 have been used to estimate the average annual change in storage 
in unconfined ground water by use of the following equation: 


AS = 0.475 AY Ah 
where: 
AS = average daily change in storage over 365 days (mgd) 
A = surface area over which AS applies {sq mi) 
Y = assumed specific yield of materials (on Map 5) 


Ah = average annual range of water-level fluctuation (ft) 


The results are shown in Table 6. 

Observation well 301 was used to indicate the total range of 
fluctuations in unconfined sands and gravels primarily on the Oak Ridges 
Moraine; well 303 was used to indicate fluctuations in surficial lacu- 
strine sands; well 305 was used to indicate water-level changes in the 
Halton Till, and well 308 was used to indicate fluctuations in silt and 
Clay. At well 301, a thin deposit of till approximately three to four 
feet thick overlies sands and gravels, and approximately two feet of 
surface till is present at well 303. 

Since about 1970 (the earliest water-level data in observation 
wells), the average annual change in ground-water storage has been 
assumed to be zero, but the changes in storage during any one year have 
averaged approximately 44.3 mgd (Table 6). What this signifies is that 
for the water level to recover from the annual low to the annual high, 
at least this much water had to be recharged to ground water through 
precipitation. 
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Well 301 
Ground surface elevation = 935 ft 
Well depth = 23 ft 
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elevation 
(ft amsl) 


Water level 


at Greenwood 


Monthly precipitation 
MTRCA (ins) 


Water level elevation (ft amsl) 


Monthly precipitation 
at Claremont (ins) 


Well 308 
Ground surface elevation = 379 ft 
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Well 329. 

Piezometer set 330, 331, 332, 333 

329—Ground surface elevation = 618 ft 
Well depth = 12 ft 

330—Ground surface elevation = 618 ft 
Well depth = 41 ft 

331—Ground surface elevation = 618 ft 
Well depth = 70 ft 

332—Ground surface elevation 
WIl depth = 153 ft 

333—Ground surface elevation = 622 ft 
Well depth = 231 ft 
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Water-level hydrographs of nine observation wells in the basin. 
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GROUND-WATER DISCHARGE TO STREAMS 


All streams in the basin receive ground-water discharge, most of 
which is obtained from shallow ground-water systems. In most cases this 
water is discharged directly into the stream through bank seepage, and 
the rate of seepage is closely associated with the permeability of 
surficial soils in the drainage area. In addition to discharge through 
bank seepage, flowing wells in the Stouffville area provide a signifi- 
cant proportion of streamflow to many of the headwater streams of Little 
Rouge Creek. 

Total ground-water discharge into streams has been estimated on the 
basis of the method used by Bloyd (1975), which involves the construction 
of flow-duration curves for streamflow. The amount of ground water 
discharge is assumed to be equivalent to the daily flow equalled or 
exceeded 60 per cent of the time on these curves. These flows were 
calculated for four stations in the Rouge River basin and three in the 
Duffins Creek watershed (Table 7). 

As is evident from Table 7, higher discharge rates are obtained in 
areas having larger proportions of sand and gravel on the surface. 
Because of the large area of surficial sands and gravels in the Duffins 
Creek basin, ground-water discharge is considerably higher in this basin 
than in the Rouge River watershed. 

Average daily ground-water discharge in the Rouge and Little Rouge 
amounted to 0.087 and 0.094 mgd per square mile, respectively - an 
average of 0.091. Discharge from shallow ground water in Duffins Creek, 
as indicated by gauge 2HCO06, is more than twice this value at 0.234 mgd 
per square mile. Similarily, ground-water discharge, as per cent of 
IMean streamflow in Duffins Creek (50%), exceeds the average value for 
the Rouge and Little Rouge rivers (29%). 

The estimated discharge of 0.104 mgd per square mile at station 
2HCO28 (drainage area of 30 square miles) on the Little Rouge Creek 
includes free flow of ground water from the Stouffville flowing well 
area. In 1974, this flow was estimated to be 1.4 mgd from a 9 square 
mile area of flowing wells, which corresponds to a discharge rate of 
0.16 mgd per square mile. 


GROUND-WATER RECHARGE 


Estimates of ground-water recharge to all the major aquifers in the 
basin can be made on the basis of previously discussed 1) vertical 
component of ground-water movement and 2) ground-water discharge to 
streams. From these estimates, the amount of recharge to ground-water 
in the whole basin can be approximated. 

The amounts of water moving vertically downward to the major 
aquifers (presented in Table 5) represent the approximate recharge to 
each aquifer. In the case of the Oak Ridges aquifer, the recharge is 
derived from direct infiltration of precipitation into the ground. For 
all the other aquifers, the recharge is derived from the percolation of 
water through confining materials above each aquifer. 

On the basis of the downward movement estimates, the total recharge 
to all the major aquifers in the watershed was estimated to be 34.5 mgd. 
This is equivalent to an average infiltration rate of 0.22 mgd per 
square mile over the 152.1 square mile area over which there is downward 


4l 


movement in the twelve major aquifers indicated in Table 5. Applying 
this average infiltration rate over the whole basin area of 268.5 square 
miles yields an estimated ground-water recharge value of 59.1 mgd. This 
is equivalent to an annual infiltration of 5.5 inches of precipitation 
over the baSin. 

The second method of estimating recharge to ground water involves 
using the average discharges of ground water to streams indicated in 
Table 7. Assuming that the loss of ground water through evaporation is 
negligible and that there is no significant annual net change in ground- 
water storage, the annual ground-water discharge to streams represents 
the amount of infiltration of precipitation to the water table. For the 
Rouge River basin, ground-water recharge can be obtained by multiplying 
the average discharge of 0.091 mgd per square mile by the total area of 
129.7 square miles. This gives a recharge rate of 11.8 mgd. For the 
Duffins Creek and Petticoat Creek drainage areas, the discharge of 0.234 
mgd per square mile is assumed representative and applicable to the 
119.9 and 18.9 square mile areas, respectively. These values yield 
recharge rates of 28.1 mgd and 4.4 mgd, respectively. 

The total recharge for the Duffins-Rouge basin adds up to 44.3 mgd. 
This is equivalent to an average recharge rate of 0.16 mgd per square 
mile, or 4.5 inches of precipitation over the total basin. 

The estimates of recharge derived by the two methods vary signifi- 
cantly and this variation is attributed mainly to the assumptions and 
approximations made in each method. Errors in the vertically downward 
movement method could originate from any of the estimates of AH, L, A, 
and in the assumed infiltration rate of 0.2 mgd per square mile for the 
Oak Ridges aquifer. The combined effects of these approximations is not 
readily apparent, but the resulting recharge rate of 0.22 mgd per square 
mile seems reasonable. In the stream discharge method, probably the 
largest error can be attributed to fact that the method does not account 
for deep percolation of water. Consequently, the estimate of ground- 
water recharge will be smaller by an equivalent amount; therefore, the 
0.16 mgd per square mile may be too low an estimate. 
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HYDROCHEMISTRY 


GENERAL 


Ground water is used extensively for municipal and rural domestic 
supplies in the watershed and for this reason ground-water chemistry is 
reviewed and compared to the permissible criteria for public supplies. 
The criteriaicited for public supplies, i:e., municipal systems, are 
identical to private (single household) supplies and are based primarily 
on potable water quality standards. 

Ground water is also used for irrigation of golf courses and com- 
mercial sod and consequently the classification of waters for irrigation 
is reviewed briefly. The classification is based primarily on the 
potentially harmful effects of reduced soil permeability caused by 
exchangeable sodium accumulation in soil, as measured by the sodium- 
adsorption-ratio (SAR) and the electrical conductivity of water. 

Ground-water quality evaluations are based on a total of 44 samples 
taken in 1970 and 1974. Thirty-nine samples were taken from overburden 
domestic wells of varying depths, including one sample from a flowing 
well northwest of Stouffville. Three samples were taken from municipal 
wells and two samples were taken from wells that obtain water from or 
close to bedrock. The results of all the analyses are shown in Table 10 
in Appendix E. 

The intent was to determine natural water quality in as many of the 
commonly used aquifers as possible, including the major aquifers identi- 
fied on maps 7 and 8. Consequently sampling was carried out on a group 
basis with wells in a group chosen as close together as possible and at 
as many different depths as possible. The close grouping of the wells 
was necessary in order to be able to compare the vertical variations of 
water quality in a small area. The locations, well numbers and the 
depths of each well are shown on Map 12. 


BEDROCK WATER QUALITY 


The two water samples obtained from bedrock wells 1430 and 4188 are 
of the sodium-bicarbonate type and the chemical diagrams for these wells 
reflect this, i.e., the sodium and bicarbonate axes are the longest. 

The high sodium concentrations are often associated with shale, and the 
sodium is probably derived from the salt that was deposited with sedi- 
ments that make up the shale. Because of the high sodium associated 
with shale, base exchange of sodium for calcium in water has conse- 
quently increased the sodium and reduced the calcium content in water. 
This results in low water hardness. 

Map 13 indicates the locations of bedrock wells in which "salty" 
and/or "sulphurous" waters were encountered, or in which natural gas was 
found during well construction. In the southern part of the Regional 
Municipality of Durham, some overburden wells end close to the top of 
rock and therefore also report problems with water quality. In view of 
this, ground-water exploration in the southeastern parts of the basin 
should be restricted to overburden deposits that are not in direct 
connection with bedrock. The overburden thickness shown on Map 4 can be 
used as a guide for drilling wells in the overburden. Wherever pos- 
sible, overburden wells should end 10 to 20 feet above bedrock to 
reduce the likelihood of encountering poor-quality water. 
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OVERBURDEN WATER QUALITY 
Private Wells 


Most waters in overburden formations are of the calcium-bicarbonate 
type, i.e., calcium concentration is higher than any of the other cations 
and bicarbonate is higher than any of the anions (Figure 7). This 
consequently results in the characteristic shapes of the chemical dia- 
grams shown on Map 12, where the uppermost lateral axis is the longest 
and the other two axes are progressively smaller in length. Two figures 
do not conform to this shape: those for well 1480 and well 3271. In 
both wells, the calcium and chloride concentrations predominate. The 
reason for the high chloride concentrations has not been investigated 
but they probably indicate contamination rather than natural water 
quality. 

In comparing the shapes of the chemical diagrams, it is obvious 
that ground-water quality in the overburden does not vary significantly 
with depth, or from one part of the basin to another. The electrical 
conductivity at most locations decreases slightly with depth, indicating 
that the water contains less dissolved solids in deeper wells. However 
the difference is small. 

Water samples from the three groups of wells in the Oak Ridges 
aquifer indicate a generally smaller concentration of dissolved solids 
than in the southern aquifers. Consistent differences in other para- 
meters are not obvious. 

Flowing well 8065A is typical of wells in the Lemonville area on 
the Oak Ridges Moraine and indicates the chemical composition of water 
throughout the flowing well area. Its chemical composition is similar 
to the other samples obtained from the Oak Ridges aquifer. 


Municipal Wells 


Water from three municipal wells was sampled for inorganic chemical 
analyses: Stouffville well #5 (8212), Markham well #2 (3899), and 
Unionville well #2 (10992). These samples indicate that ground water of 
generally good quality is available for domestic use from three of the 
large aquifers that have been identified in the basin. 

Stouffville well #5 obtains water from the Oak Ridges aquifer sand 
and gravel at a depth of approximately 23 feet. The water is of the 
calcium-bicarbonate type and with a TDS of 340 ppm, is typical of ground 
water in the Oak Ridges aquifer complex. The iron content of 0.95 mg/l 
is high, as is the total hardness of 268 mg/l calcium carbonate. Iron 
removal is part of the municipal system to reduce the high levels to 
acceptable average concentrations of 0.30 or lower. 

Markham well #2 is a flowing well that obtains its water from sand 
and gravel at a depth of 140 feet in the upper Markham aquifer unit. 

The water is also of the calcium-bicarbonate type, with a total dis- 
solved solids value of 212 mg/l. The hardness value of 156 mg/l falls 
in the "hard" class but is well below the average values usually occur- 
ring in ground water in overburden. The water sample from this well 
indicates the generally good quality of water than can be expected from 
the upper Markham aquifer unit in the area. 

Unionville well #2 is constructed in sand and gravel in the lower 
Unionville aquifer unit at a depth of 125 feet. The well flowed at the 
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time of construction in 1972. The water is very hard (200 mg/l) and 
contains iron in excess of the 0.3 mg/l permissible criteria for public 
supplies. However with proper treatment, the high iron does not re- 
strict use of the water for either private or municipal purposes. The 
water contains a low total dissolved solids concentration of 270 mg/l 
and the low TDS concentration appears to be characteristic of most of 
the deeper overburden aquifer units in the Duffins-Rouge basin. 


SUITABILITY OF WATER FOR DOMESTIC USE 


Raw ground water to be used for domestic use should meet certain 
guality criteria in order to minimize or avoid water treatment that can 
add considerable cost to a private water-supply system. Water quality 
much above such criteria can make the supply uneconomical if extensive 
treatment is required, and in some instances treatment of private 
domestic supplies is not possible at all. 

Most unpolluted ground waters are free of organic chemicals, 
radioactive and microbiological parameters, and of objectionable physi- 
cal parameters. Therefore only the inorganic chemical parameters are 
used in this study to assess the suitability of ground water for domestic 
uses. The quality parameters are compared to the permissible criteria 
quoted by the Ministry of the Environment (1974), which represent 
concentrations that should not be exceeded in order to minimize the 
necessity for treatment of supplies. Because there are generally 
insignificant variations (with time) in unpolluted ground-water quality, 
the results of the single samples taken in 1970 and 1974 are considered 
representative of average water quality in the wells. 

The most common inorganic chemical parameters of concern in ground 
water and their permissible criteria are: 


Chloride - 250 mg/1 
Iron - O23 mg/l 
Nitrate (as N) = 1D) mg/1 
Sulphate - 250 mg/1 


Total Dissolved Solids 500 mg/1 


In addition, the classification of hardness of waters is as follows: 


less than 60 mg/l (CaCO3) - soft 
61-120 - moderately hard 
121-180 =nare 

more than 180 - very hard 


There are generally no acceptable criteria for hardness of water, 
as this depends on individual requirements and preferences. However, 
some degree of softening may be desirable for very hard waters. 

The distribution of values for all the six parameters is presented 
in figures 8 to 13, and each parameter is discussed briefly in subse- 
quent sections. 

In summary, natural inorganic ground-water quality is generally 
acceptable for private and public water supplies. The most bothersome 
elements are the high concentrations of iron and water hardness, both of 
which can be lowered to acceptable levels by readily available treatment 


46 


systems. Chlorination of all supplies, in conjunction with appropriate 
treatment for iron and hardness, is desirable to ensure maximum protec- 
tion against nuisance and pathogenic organisms. 


Chloride 


Restrictions on chloride content in domestic water supplies is 
generally based on palatability requirements rather than on physio- 
logical effects. The concentrations of chlorides at which water tastes 
salty vary from person to person, but the criterion accepted by the MOE 
is 250 mg/l. There is only one well in the basin that exceeds this 
ericerion»s— wellss27U Figure 8): This is a drilled well 74 feet deep 
in the upper Unionville aquifer. The reason for the high chloride 
content is not obvious, except that the well is located adjacent to Hwy. 
7 and may be contaminated by the seepage of salty highway meltwater 
directly into the well. 

The mean chloride content for 42 samples from overburden wells is 
37 mg/l (Table 8), while for the two samples from domestic wells in 
bedrock the mean is 94 mg/l. 

There are no economical home treatment systems to eliminate salty 
taste due to chlorides. An alternate source of supply is the most 
expedient solution. 


Iron 


Iron is not considered toxic at concentrations usually found in 
ground waters, but it is objectionable in domestic supplies because of 
the reddish colour and the bitter taste it can impart to drinking water 
and because it can stain porcelain plumbing fixtures and laundry. 

Nearly one-half of the domestic wells sampled contained iron 
concentrations in excess of the permissible criteria of 0.3 mg/l (Figure 
9). An average for the 42 samples from overburden wells is 0.61 mg/1, 
and for the two samples from bedrock, the average is 1.2 mg/l. Nine of 
the total 44 samples contained iron in excess of 1.0 mg/l, a consider- 
able excess over the permissible criteria. At this concentration, water 
treatment for iron removal is highly desirable. 

High iron concentrations in water can be found in virtually any 
aquifer, either shallow or deep. It is expected that because of the 
potentially high iron content in shales, ground waters in shale can 
contain higher amounts of iron than waters in overburden. Iron removal 
systems for single household use are readily available and can be used 
to eliminate problems caused by high iron contents in domestic waters. 


Nitrate 


Nitrate concentration in water in excess of 10 mg/l nitrogen is 
generally regarded dangerous for use in infant feeding formulae. Infant 
methemoglobinemia, a disease characterized by certain specific blood 
changes and cyanosis (McKee and Wolf, 1963, p.224), can be fatal to very 
young infants if proper medical treatment is not received. No mention 
is made in the literature of specific criteria for adult consumption, 
except to infer that nitrates at levels that usually exist in uncon- 
taminated ground water are considered non-toxic to adults (MOE, 1974). 

Samples from five wells contained nitrates in excess of the permis- 
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Sible criteria: well 1334 - 12 mg/l; well 1541 - 13 mg/l; well 1563 - ll 
mg/l; well 2884 - 20 mg/l, and well 3612 - 33 mg/l (Figure 10). These 
levels of nitrate probably indicate a degree of pollution of the water 
Supplies. The source of contamination in well 3612 may be due to animal 
waste associated with a dog kennel operation on the property. The 
possible sources of contamination on the other four properties are not 
readily apparent. 

There are no home treatment systems available to reduce nitrate 
concentrations in water and consequently, the abatement of nitrate 
pollution depends on preventative measures taken in the construction of 
domestic wells. 

To minimize the chances of contamination, wells should be located 
as far as practicable from any obvious sources of contamination such as 
domestic septic systems, feedlots and barnyards, and regularly (heavily) 
fertilized farm fields. In cases of shallow bored wells or wells 
constructed by digging equipment, it is especially important to seal the 
well casing at the surface of the ground with impermeable materials. 
This would help to prevent the entry of surface water or other foreign 
materials into the well or the shallow water-bearing formation. Proper 
well construction is usually the best assurance of a contamination-free 
well. 


Sulphate 


Criteria on sulphate concentrations in domestic well supplies are 
based primarily on its laxative effects on unacclimatized users, rather 
than on taste or toxicity. The maximum sulphate concentration permis- 
sible for domestic supplies in Ontario is 250 mg/l. 

All samples in the basin contain less than 250 mg/l sulphate 
(Figure 11), with a mean value of 37 mg/l for overburden wells and a 
mean concentration of only 5 mg/l for the two bedrock wells. Sulphate 
concentrations at these levels will present no problems in domestic 
water supplies. 

Under some circumstances, sulphate in an anaerobic environment 
(which usually exists in ground water) can be converted to hydrogen 
sulphide gas by sulphate-reducing bacteria. The "rotten egg" odour of 
this gas is characteristic and waters having this smell are often called 
"sulphurous". The distribution of the nine wells in which "sulphurous" 
waters have been reported by drillers is shown on Map 13. Three of the 
wells obtain water from overburden sources and six from bedrock. All 
the bedrock wells are in the vicinity of Ajax and Pickering. 

Home treatment systems consisting of chlorination-filtration and/or 
carbon filtration are readily available to remove the pungent odour and 
taste problems due to hydrogen sulphide gas. However, there appear to 
be no commercial home treatment systems specifically for sulphate 
reduction. 


Total Dissolved Solids 


Total dissolved solids (TDS) content of water represents the sum of 
dissolved cations and anions in water, the main ones being sodium, 
potassium, calcium, magnesium, bicarbonate, chloride, sulphate and 
nitrate. High TDS in itself does not restrict the use of water for 
domestic purposes. Rather, it is the high individual ion concentrations 
that contribute to the TDS value that restrict the use of the water. 


Deb 


The MOE permissible criterion for TDS is 500 mg/l. This criterion is 
somewhat arbitrary and waters with much higher concentrations can be 
consumed with no ill effects. 

Fourteen of the 42 overburden wells sampled in the basin contain 
waters having more than 500 mg/l TDS (Figure 12). In most of these 
cases, the waters contain high calcium or sodium and bicarboante con- 
centrations, none of which by themselves limit the use of the water for 
domestic supplies. The average for the two bedrock wells (630 mg/l) is 
much higher than for the 42 overburden wells (440 mg/l). 

None of the TDS values in the watershed should be of concern tO 
domestic users, including the maximum value of 1000 mg/l (in well 1480), 
which is due primarily to the high chloride content in the water. There 
are no domestic treatment systems available to reduce the TDS per se. 
Reduction, when it does occur, is usually the result of water treatment 
for high concentrations of one of the major cations or anions. 


Hardness 


Hardness of water is due primarily to the concentrations of calcium 
and magnesium ions in water. The effects of hard water on the consumption 
and cleaning power of soap are well-known. 

Except for the two water samples from bedrock and one sample from 
the Markham municipal well, all samples are classified "very hard... ne 
mean for the 42 samples from overburden wells is 311 mg/l,;.and, 73.moa/aL 
for the the two bedrock wells. A large proportion of the overburden 
samples contained hardness in excess of 400 mg/l, with the maximum 
concentration of 716 mg/l found in well 11219 (Figure 13). In all cases 
calcium is the main ion contributing to the high hardness values. 

Hardness can be readily reduced by home softening systems available 
commercially. The need for softening is dependent primarily on economic 
and convenience considerations rather than on health hazards. 


SUITABILITY OF WATER FOR IRRIGATION 


Ground water is used for the irrigation of golf courses and com- 
mercial sod in many areas of the basin (Map 14). Using waters of 
unsuitable quality may, over a period of time, reduce the permeability 
of soils in the irrigated areas and thereby reduce the infiltration of 
irrigation water into the soil. 

The suitability of ground waters for irrigation is based on the two 
parameters of sodium-adsorption-ratio (SAR) and electrical conductivity. 
The method of classification was developed by the United States Salinity 
Laboratory Staff (1954) in which the SAR is calculated by the following 
equation: 


+ ++ ++ 
where Na , Ca and Mg represent the concentrations (in milliequiva- 
lents per litre) of the respective ions. 


Proportionately high sodium concentrations, compared to the sum of 
calcium and magnesium, will result in high SAR values. 
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The SAR represents the sodium (alkali) hazard and is plotted on the 
vertical axis of the diagram shown in Figure 14. The electrical conduc- 
tivity of the water is plotted on the horizontal axis and represents the 
salinity hazard. The sodium and Salinity hazards are used conjunctively 
to classify irrigation waters according to the descriptions provided on 
Figure 14. 

The majority of water Samples in the basin fall in the C2-sl class, 
which is a medium-salinity, low-sodium hazard class in which the waters 
can be used for irrigation on almost any soil, including low-permeability 
tills and clays. Eleven samples are in the C3-Sl class in which the 
Salinity hazard is high and the water should not be used for irrigation 
on soils with restricted drainage. 

Ground water in well 1430 is obtained from shale bedrock and has a 
high sodium and salinity hazard, which makes the water unsuitable for 
irrigation except under special soil Management conditions. Probably 
Similar restrictions apply to the use of ground water obtained from 
shale bedrock throughout the basin. 
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GROUND-WATER USE AND DEVELOPMENT 
oe SE VELOPMENT 


GENERAL 


Ground water is an important source of Supplies for many of the 
major water requirements in the basin and in many areas it is the only 
economic alternative for high demands of potable water. All major 
municipal water-supply systems in the basin draw water from local 
aquifers that to date have adequately met demands. Similarly, high 
demands required by industrial and agricultural activities in the 
watershed have been satisfied. However, local interference with exist- 
ing supplies has also been recorded in the basin and locally, poor 
ground-water availability has restricted development of activities 
requiring large amounts of good quality water. | 

Major ground-water development is associated with municipal takings 
in the Markham-Unionville area in the Rouge River basin. In 19/57 
municipal withdrawals in this area were close to 80 per cent of all the 
municipal takings in the watershed and made up approximately 23 per cent 
of the 14.7 mgd total authorized by water-taking permits (table on Map 
14). Because of these high water demands, it has been necessary to 
consider a large-scale provincial water and sewage scheme to service the 
Markham-Unionville area for the future. The scheme, known as the York- 
Durham Project, is based on water supply from Lake Ontario which will 
ensure adequate supplies for projected long-term growth immediately 
north of Metropolitan Toronto. 

In addition to the large municipal withdrawals, ground water meets 
industrial requirements of the sand and gravel industry, provides water 
for golf course irrigation, and is an essential base for a wide range of 
agricultural-related activities. To a lesser extent, ground water is 
used locally in the Lemonville area to supply water for recreational 
ponds. 

Subsequent discussions of ground water in the basin relate directly 
to the water uses shown on Map 14, which is based on several sources of 
data on file with the Ministry of the Environment. The most important 
source is the Permit to Take Water program, which is administered by the 
Ministry. This program relates directly to Section 37 of the OWR Act, 
which states that all surface- and ground-water takings in excess of 
10,000 gpd, except those for fire fighting and domestic and farm re- 
quirements, require a permit issued by the Ministry. The major types of 
takings and their authorized rates are indicated in the table on Map 14 
under the heading "Authorized by Permit". Section 37 also provides for 
the resolution of water-supply interference. The Ministry's inter- 
ference files are the basis for indicating past interference cases on 
Map 14. Not shown on the map are domestic (private) takings, which 
Occur throughout the basin. The locations of these takings are in 
essence shown on Map 6 where most wells relate to private withdrawals. 

The authorized water takings and past interference cases shown on 
Map 14 reflect the general land-use development trends in the basin. 
Most permitted takings are found in the Rouge River basin with only a 
few located in the Duffins Creek watershed. Within the Rouge River 
System, major development has occurred in the area of Markham and 
Unionville and in the vicinity of Stouffville to the north. Concentra- 
ted urbanization occurs also near Richmond Hill in the extreme western 
part of the basin, but much of this development does not rely directly 
On ground water in the watershed. 


ate 


MUNICIPAL SUPPLIES 


Municipal supply is the most significant ground-water use in the 
area. An estimated total of 4.3 mgd was pumped by municipalities in 
1975, which represents approximately two-thirds of all the permitted 
withdrawals in the watershed during the year. The largest takings are 
centred around three municipal systems located within the basin at 
Markham, Unionville, and Stouffville, and around two systems operating 
just outside the basin boundary at Thornhill and Oak Ridges. All 
systems withdraw water from aquifers within or extending into the basin. 

Markham is serviced by a system of two production wells, one in the 
lower and the other in the upper Markham aquifers. Well #1 was completed 
in 1960 and well #2 in 1964; both wells flowed at the time of construc- 
tion. The two wells have the highest rated Capacity: ofsanysor therl3 
municipal production wells shown on Map 14, with each of the two wells 
being capable of producing more than 1 mgd. In 1975, their combined 
daily rate of withdrawal was 1.51 million gallons, or 52 percent of the 
amount authorized by permit. 

The Unionville system contains three wells. Wells #1 and #2 were 
constructed in 1964 and 1972 in the lower Unionville aquifer and well #3 
was completed in 1967 in the upper aquiter. eAllathree wells flowed at 
the time of construction. The total system capacity is relatively small 
in comparison to other systems, producing only an average o£ 50.45 mogdeain 
1975. This represents 54 per cent of the authorized daily amount for 
the three wells. 

The Stouffville system contains two wells, both of which are 
constructed in shallow formations in the Oak Ridges aguifer. Well #5, 
completed in 1960, is only 50 feet deep and obtains water from the 
interval from 24 to 50 feet; well #8 was completed in 1966 and receives 
water at a depth of 45 to 70 feet. The 1975 production from these wells 
amounted to an average daily taking of 0.73 million gallons, or approxi- 
mately 53 percent of the system's authorized amount. 

There are six high-capacity municipal wells outside the basin, each 
constructed in an aquifer that extends into the basin and therefore 
capable of influencing water levels in wells inside the watershed. Two 
wells belong to the Oak Ridges community system northwest of the basin 
boundary and four belong to the Thornhill water-works system just 
outside the basin boundary southwest of Unionville. 

The Oak Ridges wells are deep wells within the Oak Ridges aquifer 
system; well #1, completed in 1961, is 379 feet deep and well #2, 
constructed in 1969, is 390 feet deep. The combined capacity of the two 
wells is 1.01 mgd and in 1975 production from these wells amounted to 
0.13 mgd, or 13 percent of the authorized amount. It is unlikely that 
at these low rates of withdrawal there would be any noticeable effects 
on water levels in nearby wells within the basin. 

Because of their proximity to the basin, four of the seven wells in 
the Thornhill system could affect water levels in wells in the Unionville 
aquifers southwest of Unionville. Don Mills wells #1, #2 and #3 are 
constructed in the lower Unionville aquifer system at depths varying 
from 98 to 120 feet, while the Steeles-Pharmacy well is at a depth of 
360 feet. Don Mills wells #1 and #2 were both completed in 1957 and 
well #3 was put into production in 1967. The Steeles-Pharmacy well was 
completed in 1972. 
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The combined production from the four wells in 1975 averaged 1.49 
mgd, which represents 56 percent of the rate authorized by permit. A 
marked water-level decline in observation well 106 in 1969 and 1970 
(Figure 15) is attributed to increased pumping by Don Mills wells #1, 
#2, and #3. A general water-level recovery in the period from 1971 to 
1975 correlates with decreased annual pumping in the wells during this 
period. The effects of these production wells on water levels in nearby 


wells in the basin is not documented. Presumably, the effects to date 
have not been noticeable. 


INDUSTRIAL, COMMERCIAL AND AGRICULTURAL SUPPLIES 


Withdrawals at sand and gravel operation sites are the primary 
industrial uses of ground water in the basin and most of these are 
located on the Oak Ridges moraine north of Stouffville. The water is 
used in washing processes which are usually closed systems in which the 
water is recycled through settling ponds, but make-up water is required 
continually to balance water losses through evaporation and seepage. 
This make-up water can be considerable in some instances, as 1.06 mgd 
was used by seven permitted operations in 1975. Next to municipal with- 
drawals, industrial takings were the largest of the permitted takings in 
INS RSE: 

The irrigation of golf courses in the basin is an increasing 
practice that can periodically demand appreciable amounts of good 
quality water. A number of golf courses in the Rouge River basin north 
of Toronto cater to urban population demands, and because of variable 
precipitation in the area during the summer, irrigation of fairways and 
greens is a necessary practice. This generally necessitates high- 
capacity ground-water withdrawals for short periods of time. In 1975, 
these withdrawals totalled 0.47 mgd for the seven golf courses under 
permit. 

The irrigation of market crops appears to be the primary agricul- 
tural use of ground water in the basin, while the irrigation of turf sod 
and nursery stock occurs less frequently. The demand for livestock 
watering has not been investigated. In most irrigation cases, ground 
water is used to recharge storage ponds from which the water is with- 
drawn. In 1975, this consumption amounted to 0.31 mgd by the six 
permitted takings. Five of the six takings occurred in the vicinity of 
Markham and Unionville. 


PRIVATE SUPPLIES 


Private supplies consist mainly of individual wells constructed for 
domestic household needs. These takings to not require a permit and are 
therefore not located on Map 14. However, an indication of the location 
and density of these takings can be obtained from Map 6, where almost 
all wells refer to private domestic wells. Private supplies other than 
for domestic purposes consist of flowing wells supplying recreational 
ponds north of Stouffville. 

Domestic wells service primarily rural areas of the basin and as 
such, their distribution is governed by the density of farms and by 
individual houses in and adjacent to small unserviced hamlets and 
villages. Most concentrated domestic takings are associated with 
settlement outside of Metropolitan Toronto boundaries to the north and 
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Figure 15. Water-level hydrograph of observation well 106 correlated with monthly and annual pumpage from Don Mills 


municipal wells. 


east. Two especially dense areas are located north of Highway 401 east 
of Pickering, and around Markham and Unionville. In both of these 
areas, all existing wells could not be plotted on Map 6 because of their 
high density. 

There are approximately a total of 3800 private domestic water 
wells in the basin, which in 1975 supplied an estimated rural population 
of 21,500 (TEIGA, 1976). At an assumed per capita water consumption of 
100 gpd, the total use of ground water through private wells amounted to 
2.2 mgd. This is a small value in comparison to the amount used by 
permitted takings, and individual domestic requirements usually repre- 
sent insignificant point withdrawals in relation to the total available 
resource. 

Domestic water requirements for individual households are usually 
small, in the order of 2 to 5 gpm for short periods during the day, and 
as such, ground water is readily available in most areas in the basin 
either through small-diameter drilled wells or large-diameter bored 
wells. 


WATER USE CONFLICTS 


Reported interference cases in the basin have been relatively minor 
and except for past complaints attributed to municipal pumping at 
Markham and Unionville, the past cases have been of limited scope and 
duration. Four general categories have been inventoried and are indi- 
cated on Map 14. These are, in order of frequency of occurrence: 1) 
dewatering-7 cases, 2) municipal water-supply takings-5 cases, 3) _ 
private supplies-3 cases, and 4) irrigation-2 cases. 

Most frequent complaints have related to dewatering projects 
associated with road construction and gravel pit dewaterings. These 
have occurred primarily in the vicinity of the more heavily developed 
areas north of Richmond Hill, near Markham, and in the Town of Pickering. 
Interferences related to municipal takings have occurred exclusively in 
the Markham-Unionville area, while interference related to irrigation 
and private takings have occurred mainly in the Markham-Unionville and 
Stouffville areas. 

Interference with domestic supplies in usually shallow wells 
adjacent to or near large takings have been most common and the suc- 
cessful restoration of supplies has been brought about through the 
Permit to Take Water program administered by the Ministry of Environment. 
The permits in each case were issued with standard special conditions 
requiring the permit holder to rectify interference with previously 
existing uses. 

In the three cases involving domestic takings (which do not require 
a permit), the two cases near Lemonville involved flowing wells and the 
complaint south of Unionville arose as the result of construction of new 
domestic wells nearby. With the Ministry as an intermediary, all cases 
were resolved by the involved parties. 

With the future development of the York-Durham water and sewage 
system over a 10- to 15-year period (from 1975 to 1985+), the present 
Markham-Unionville municipal wells will be phased out and no new inter- 
ference claims are anticipated in the area. However, interference 
claims may develop during the construction phases of the York-Durham 
scheme as construction dewatering is anticipated throughout the project. 
Two areas in particular may be sensitive to interference. One is in the 
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sand plain area south of Unionville where a number of domestic wells 
presently obtain water from shallow sand lenses and the other area is in 
the Town of Pickering in the southern part of Duffins Creek basin. The 
latter area contains numerous shallow bored wells that obtain marginal 
quantities of water from shallow overburden. Dewatering of any of the 
sand lenses could result in interference with existing supplies. It is 
anticipated that water levels in deep wells will not be affected signi- 
ficantly by the York-Durham dewatering schemes. 


USE TRENDS AND POTENTIAL FOR FUTURE DEVELOPMENT 


As late as the 1950's, ground-water development in the basin was 
restricted primarily to low-demand domestic takings associated primarily 
with agricultural activities. However in the past 15 years (since about 
1960), the peripheral areas around Toronto have developed at a rapid 
pace and more and more of the original rural land has been used to 
support urban-based industrial, commercial and housing developments 
requiring large quantities of water. Together with this development, 
the demand for ground water has increased at a rapid rate, especially in 
the area of Markham and Unionville and in the vicinity of Stouffville. 
This increase is evidenced by the large number of wells drilled in these 
areas Since 1960, supported by the fact that the construction of all 
high-capacity municipal wells at Markham and Unionville has occurred 
Since 1960. Rapid development has also taken place east of Toronto in 
the Ajax-Pickering area, where again ground water has been the primary 
source of supplies. 

It has now come to the point where significant future land develop- 
ment may soon be restricted by the availability of ground water. This 
realization has led the Province of Ontario to devise a major sewage and 
water-supply scheme to service the densely populated areas directly 
north of Toronto and an area of planned urban growth (North Pickering 
Project) to the northeast in the Town of Pickering. 

The provincial sewage and water scheme will extend Toronto's Lake 
Ontario water-supply system northward into the basin to service the 
Markham, Unionville and peripheral areas in stages from 1975 to 1985. 

In addition, this scheme will provide water to the Ajax-Pickering area 
in the east and to the provincial urban development scheme in the Town 
of Pickering. As the integrated servicing scheme progresses, the 
reliance on ground water for municipal supplies will be reduced and 
existing ground-water sources at Markham and Unionville will probably be 
gradually phased out. 

The North Pickering Project involves the staged development of a 
planned community in the Duffins and West Duffins Creek areas in the 
Town of Pickering. Pending the completion of the regional water-supply 
pipeline associated with the York-Durham scheme, interim ground-water 
supplies for the population in stages 1 (1977 to 1985, population 
30,000) and 2 (1985 to 1990, population of 85,000) of the project are 
currently under consideration. However, there are only limited high- 
capacity- water-bearing formations in the area and it is expected that 
ground water cannot be used to supply the ultimate large demands re- 
quired by the total project. 

It is anticipated that ground water will continue to play an 
essential role in land use development in the basin outside the area to 
be serviced by the York-Durham scheme. In the Duffins Creek basin where 
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ground-water availability is generally not adequate in Many areas to 
meet large requirements, future development will have to depend largely 
on alternate sources of supply. However, in the Rouge River watershed, 
ground water can continue to provide essential Supplies from the Markham, 
Unionville and Victoria aquifer systems for a large proportion of the 
population. Good ground-water potential in the Oak Ridges aquifer will 
continue to meet the needs of Stouffville and other areas to the north 
on the Oak Ridges Moraine as the population density continues to in- 
crease peripheral to Toronto. At least in the initial stages of devel- 
opment, this will lead to an increased use and dependence on ground 
water in the northern areas of the basin. 

Two aquifer systems outside the York-Durham scheme will offer a 
good potential for large quantities of water - the Oak Ridges and the 
Markham aquifer systems. The Oak Ridges aquifer system holds by far the 
best potential for future development, representing approximately 50% of 
the ground water in all the defined aquifers in the basin (Table 5). 

Present development of the aquifers in the Oak Ridges complex is 
primarily through domestic wells that produce individually an estimated 
3-10 gpm. With approximately 300 domestic wells in the area, and each 
producing at an average rate of 5 gpm, the estimated domestic consump- 
tion would be 1500 gpm, or approximately two million gallons per day. 
Adding this to the Stouffville municipal well capacity of 1.4 mgd, the 
total development to date would be close to 4 mgd. This is about 23 per 
cent of the estimated 17.2 mgd annual recharge to the complex. On the 
basis of these approximate estimates, the future potential for develop- 
ment is good. However, the net potential of 13.2 mgd applies for the 
total 86 square mile area of the complex and individual well yields ina 
particular area will be dictated by local hydrogeologic conditions. 
Although extensive test drilling would be required in specific areas on 
the Oak Ridges Moraine considered for development, high-capacity wells 
or well systems capable of 1 mgd or more should be possible. However, 
present ground-water development in the flowing well area northwest of 
Stouffville is close to maximum, and new development in the area may 
lead to the stoppage of flows in existing wells and to the long-term 
dewatering of the aquifer system in the area. 

The second aquifer system that has a good potential for future 
development is the Markham system (upper and lower units collectively). 
The most attractive parts of the system lie between Markham and 
Stouffville where individual well capacities in the upper system range 
from 25-50 gpm and where the aquifers are only slightly developed to 
date. The northern portions of the Markham systems contain permeable 
gravels that should be able to support individual well yields in the 
order of 300 to 400 gpm in many areas. Yields of this magnitude can 
meet most industrial and irrigation requirements and readily support 
moderate communal needs. In 1975, the total estimated water uses from 
the Markham aquifers collectively, including private supplies, totalled 
1.7 mgd, which represents 56% of the recharge to the two systems. Of 
this 1.7 mgd use, approximately 1.5 mgd was withdrawn by the Markham 
municipal wells, and if these wells are abandoned, more than 90% of the 
aquifer potential of 3.0 mgd (Table 5) would be available for new 
development. 
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MANAGEMENT PLANNING 
MANAGEMENT OBJECTIVES 


Ground-water management objectives in the watershed relate to the 
protection and conservation of the quantity and quality of ground water 
for the benefit of domestic supplies, whether from individual rural 
wells or from communal municipal well systems, and for the maintenance 
of an adequate quantity of good quality ground-water discharge to 
streams for low-flow maintenance. These objectives are being adopted in 
principle by a number of agencies active in the basin, such as the Metro 
Toronto and Region Conservation Authority (MTRCA), the Ontario Ministry 
of Natural Resources (MNR), the Ontario Ministry of Agriculture and Food 
(OMAF) and the Ontario Ministry of the Environment (MOE). The water 
management policies of these agencies are documented, in part, by an 
interministerial Water Management Sub-Committee report regarding water 
management policies and goals for the Duffins Creek watershed (internal 
report). 

The development and implementation of ground-water management 
objectives throughout the Duffins-Rouge basin are guided by the MOE on 
the basis of legislation defined in the Ontario Water Resources Act. 
Sections 31, 32, 33, 34 and 36 in this Act relate, inepaGse,eOmene 
prevention of ground-water quality impairment. In addition, Sections37 
of the OWR Act relates to the Ministry's function of regulating water 
takings through the Permit to Take Water system. The licensing of 
water-well drillers in the Province is regulated by Section 40 of the 
OWR Act and its associated Ontario Regulation 648/70, both of which 
provide the Ministry with a regulatory tool for standards application in 
the ground-water development industry. Regulation 648/70 also requires 
that all water-well drillers submit well logs to the Ministry, which 
subsequently form the basis for geologic and hydrologic data interpre= 
tations in order to determine ground-water availability in the basin. 

In context of preliminary planning for the Toronto Area Airport 
Project (TAAP) site in the northern part of the Duffins Creek basin, 
TAAP undertook to determine in detail the existing ground-water condi- 
tions at the airport site. The objective was to foresee possible 
effects of construction on the ground-water regime and to devise methods 
of control to limit any serious effects likely to be caused by the 
construction activities. The terms of reference for the study also 
called for the development of a ground-water monitoring program to be 
operated for an initial period of five years to define ground-water 
quantity and quality changes caused by the operation of the airport. A 
report of this study was released in March of 1975 (Sobanski, 1975), 

As part of its conceptual planning phase, the North Pickering 
Project (NPP) was committed to studying local ground-water conditions on 
the project site in order to identify specific areas where ground-water 
quality and/or quantity may be affected by urbanization. The study was 
carried out in 1975 and was designed to identify quantitatively stream- 
flow dependence on ground water, to identify potential areas suitable 
for artificial ground-water recharge, and to develop an observation-well 


network for monitoring long-term trends in water levels and ground-water 
quality. 


Much of the hydrogeologic data available through the present study 
were used by NPP during its conceptual planning stages. Specifically, 
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urban development locations have been Situated, insofar as possible, in 
areas where there will likely be the least effect on the ground-water 
quantity and quality, and development within particular sites has been 
planned to minimize effects on ground water. To take advantage of 
highly permeable infiltration sites on the townsite, open parkland areas 
are planned in the area of exposed gravels near the southern limits of 
the townsite. The ground-water monitoring network established in 1975 
will in time indicate what effects, if any, urban development may have 
on ground water. This type of monitoring should provide valuable data to 
assist future planning and assessment of the effects of urban develop- 
ment On ground water for other parts of the Province. 


PRESENT MANAGEMENT, METHODS 


There are two basic administrative tools that provide the means for 
ground-water management in the basin: 

Z) Permit to Take Water program, and 

2) land-use zoning. 

in addition, there is also the concept of water_use zoning, but 
this means of control is more applicable to surface-water management 
than to ground water. 

The Permit to Take Water program administered by the Ministry of 
the Environment is the single most important means of ground-water 
management in the basin. The program was developed as the result of 
legislation passed in 1961 that authorized the former Ontario Water 
Resources Commission (OWRC) to regulate water takings in the Province. 
Presently the legislation is defined in the OWR Act, Section 37, which 
deals specifically with permitting of water takings. The takings apply 
to both surface and ground water and exemptions are made for water 
withdrawals for domestic or farm purposes, and for fire fighting. 

The permit system is a means of water management aimed at control- 
ling and regulating water takings in order to promote its efficient 
development and beneficial use by residents of the Province. The system 
is also a valuable tool in the investigation and resolution of surface 
and ground-water interference cases by controlling large withdrawals of 
water in areas where interference is expected or observed. 

Land-use zoning, because of its indirect control over ground-water 
resources, can be used only to a limited extent to plan for ground-water 
Management. However in spite of its indirect means of application, the 
regional municipalities of York and Durham are both attempting to use it 
to full advantage to conserve and protect the resource wherever possible. 
This protection has been evident especially in trying to regulate land 
use on the Oak Ridges Moraine to maintain existing ground-water condi- 
tions in the area. 

Major land-use zoning in the watershed relates to the Ontario 
Government's policy statement in May of 1970, regarding urban development 
centered around Toronto. The goals and objectives of the policy were 
Outlined in a report entitled "Design for Development: Toronto-Centered 
Region". This report has subsequently formed the basis for a more 
Yecent report by the Central Ontario Lakeshore Urban Complex (COLUC) 
Task Force to the Advisory Committee on Urban and Regional Planning, 
dated December 1974. This latter report makes major recommendations 
regarding the preservation and protection of natural resources in the 
general area covering the Duffins-Rouge watershed, including the mini- 
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mization of "...the pollution of water..-emes 4 main objective. By 
attempting to restrict urban sprawl through the TCR concept, conser-— 
vation of water resources is achieved on a large scale. On a smaller 
scale inside the basin, ground-water management can be practiced by 
local municipalities and regional planning boards through the appLi= 
cation of zoning by-laws that will promote water conservation and 
minimize ground-water pollution hazards. 


GROUND-WATER QUANTITY MANAGEMENT CONCERNS 


Ground-water quantity related problems in the basin have received 
generally less attention and concern by local residents than problems 
related to water quality. Probably one reason for thisrissthateurbans 
related land development has historically affected water quality more 
noticeably than water quantity, and quantity changes have been more 
gradual and therefore less noticeable. However, ground-water quantity 
Management is an obvious need as indicated by past interference problems 
in the Markham and Unionville areas, and in the central areas of the 
Rouge River basin where irrigation takings have led to ground-water 
interference complaints. This management is necessary in order to 
conserve an essential and economical resource so that optimum utiliz- 
ation can be made by a large proportion of the rural population in the 
watershed. The most obvious need for this management involves pre- 
venting local water-level interference problems with domestic wells, and 
a less obvious but a potentially more significant concern relates to the 
conservation of ground water in order to maintain streamflows during 
low-flow periods in the summer. This latter concern can be particularly 
significant in the Duffins Creek watershed and in the headwaters of 
Little Rouge Creek where a large proportion of streamflow consists of 
direct ground-water seepage and water obtained from flowing wells. The 
flowing well situation has been of particular local concern in the past 
and a more detailed discussion is warranted. 


Flowing Wells 


Although a number of areas exist in the basin where wells are 
likely to flow, there is primarily one large flowing well area in which 
the need for ground-water quantity conservation is ObV.LOUS.  eLnathiuSs 
regard, future conservation practices will be essential in the 
Lemonville-Stouffville area if the existing flowing conditions are to be 
maintained. There are presently about 130 flowing wells in the area, 
which in 1974 discharged an estimated 1.4 mgd (2.6 cfs) to streams 
flowing south out of the area. Most of these wells flow uncontrolled 
and provide water for local domestic supplies and recreational ponds. 
Some simply flow to the nearest watercourse with no specific use made of 
the water at the well site. 

In most of the cases the perennial flow exceeds the quantity used 
and the excess represents a "wastage" of ground-water resources in the 
area. However considering that this excess provides water to stream- 
flow, and in fact at many places makes up all of the streamflow, the 
"wastage" plays an essential role in maintaining streamflow in many 
areas. This points out the complex dual role of ground water in flowing 
well areas in general and in the Lemonville-Stouffville area specifically. 
Because of this dual role, it is important to realize that as more new 
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flowing wells are drilled, each releasing more ground water, 
will be reached where the wells will cease to flow. This in turn will 
reduce streamflow, or dry out some streams completely immediately 
downstream of the flowing wells, and serious curtailment could result to 
uses that have historically established a dependency on streamflow 
derived from flowing wells. 

Another large area of recorded flowing wells is in the VICINEtY Of 
Unionville, where water-well records on file with the Ministry indicate 
that 74 wells flowed at the time of construction. Some of these wells 
date back to 1955. However because of the uncontrolled flow from these 
wells, together with the large withdrawals of water by the Unionville 
and Markham municipal wells, only a few of the original wells continue 
to flow and only an occasional well drilled in the area in recent years 
has flowed. However, there is a chance that when the municipal wells 
cease to operate as the York-Durham water system is placed into oper- 
ation, flowing conditions may be re-established at some time in the 
future in at least some wells. This could lead to a variety of obvious 
problems related to flooding, and this possible eventuality should be 
recognized and allowed for in management planning in the area. 


a point 


Inadequacy of Supplies 


With the exception of one general area in the southern part of the 
basin, private domestic quantities of ground water can be readily 
obtained in the basin. There are, however, 58 wells on record that have 
been classed as "dry" by the drillers (Map 13). The most prevalent 
reasons for these "dry" wells are that the wells have been terminated at 
depths too shallow to encounter an aquifer, or that the wrong drilling 
equipment was used. Many of the dry wells located in areas of the 
aquifers identified on maps 7 and 8 have been drilled too shallow to 
encounter the aquifers. Deeper drilling would probably have solved the 
problem. It should also be recognized that well-boring equipment has a 
definite depth limitation (approximately 60 feet maximum depth) whereas 
the commonly used rotary and cable and tool drilling equipment are 
usually capable of drilling deep enough to encounter any of the over- 
burden aquifers in the basin. 

Ground-water availability is generally poor in the southern part of 
the basin west and southwest of Pickering and Ajax where problems are 
often encountered in obtaining even domestic supplies. Inadequate 
supplies have been reported from both overburden and bedrock wells in 
the area, and the problem is often compounded by generally poor water 
quality when adequate supplies are found. Where the overburden is 
generally less than 50 feet thick in the area, large-diameter bored 
wells have been most successful in providing domestic supplies. 


GROUND-WATER QUALITY MANAGEMENT CONCERNS 


Considering the high degree of urban-related activity in the 
basin, there have been surprisingly few reported cases of pollution 
related to urban sources, and there are no known reported cases of 
significant contamination attributable to rural development and agri- 
cultural activities. Nevertheless, a number of significant potential 
sources exist, among the main ones being the hazards associated with 
sanitary landfill practices, pollution due to gasoline spills and leaks, 
road salts, nitrate contamination due to agricultural fertilizers, and 


69 


bacterial and nitrate contamination of well supplies by animal wastes 
and domestic septic systems. Contamination by the latter two sources 
can be locally significant but often is undetected and this is probably 
the reason why there have been no known problems. Figure 16 indicates 
the location of all operational sanitary landfill sites in the basin, as 
well as the locations and types of past reported contamination in the 
watershed. 

Considerable public concern in the past has related to the location 
of municipal sanitary landfill sites around Metropolitan Toronto. Two 
of the four active sites shown on Figure 16 receive wastes almost 
exclusively from Toronto - the Liverpool Road and the Beare Road sites. 
In addition to solid wastes being disposed at both of the sites, the 
Beare Road site also receives some industrial liquid waste. The Brock 
Road North and South sites are in various stages of approval and will be 
used by Metropolitan Toronto in the future. The York Sanitation #4 site 
is utilized by Markham, Stouffville and Metropolitan Toronto, and the 
york Sanitation Aurora site services the Aurora and Newmarket district. 
York Sanitation #4 site is directly upgrade of the Stouffville municipal 
wells and considerable public concern was voiced by the residents of 
Stouffville regarding industrial wastes dumped at the site in the late 
1960's. This practice has been discontinued since 1970 and the munici- 
pal wells have not been affected to date (1976). 

There are only two known cases of gasoline contamination in the 
basin and only one complaint of well contamination attributed to highway 
salting. There are no known cases of contamination due to agricultural 
practices or septic systems; however, all these sources remain a poten- 
tial for pollution of wells locally. 

Areas generally most susceptible to ground-water pollution by 
gasoline, bacterial pollution associated with septic systems and animal 
wastes, salt contamination from highways, and nitrate contamination from 
agricultural fertilizers, can be evaluated on the basis of data shown on 
Map 16. These data consist of the depth to water table and the permea- 
bility of surface soils. On the basis of these two parameters, the 
hazards of contamination of mainly shallow wells and shallow ground- 
water systems can be compared from one area to another. 

Most susceptible areas are generally those where the depth to water 
table is less than 10 feet and where the soil permeability is high. 

Such areas occur all along the lacustrine sand deposit associated with 

the Lake Iroquois shoreline and in the area of surface sands southwest 

of Unionville. Especially critical could be the area along the Lake 
Iroquois shoreline because ground water occurs primarily in shallow 
formations that have limited continuity. Any contamination reaching the 
water table here may result in the loss of water supplies with no 

reliable alternate sources readily available in the area. Contamination 

of shallow ground water around Unionville may not be as critical because 
the deep Unionville aquifers underlying the area offer a good alternate 
source that in all likelihood will not be affected by shallow contamination. 

Future increased activity in the basin will undoubtedly lead to a 
greater potential for ground-water pollution. Apart from the obvious 
constraints that ground-water pollution places on water use, ground- 
water contamination can also lead to stream-water quality impairment. 
For this reason, the interrelationship between ground and stream water 
is an important fact to remember when allowing ground water in some 
areas to be contaminated by toxic substances; these substances may 
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ultimately show up in stream water. However this does not happen in 
all instances, especially where the soil is poorly permeable and where 
the contamination of ground water is distant from a stream. 
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SUMMARY AND CONCLUSIONS 


The report on the ground-water resources of the Duffins Creek-Rouge 
River drainage basins is the result of almost four years of intensive 
study in the rapidly developing area peripheral to Metropolitan Toronto. 
The report presents original data and associated analyses dealing in 
detail with overburden subsurface geologic investigations, aquifer 
delineations, ground-water recharge estimates and water quality anal- 
yses. Also inventoried are major ground-water uses. A number of major 
water management concerns are discussed. 

The watershed covers an area of 268.5 square miles northeast of 
Toronto and is drained by the major streams of Duffins Creek and Rouge 
River, and by a number of small creeks, of which Petticoat Creek is the 
largest. Markham, Stouffville, Pickering, Unionville and Claremont are 
the largest urban centres in the basin. The basin is divided by the 
Regional Municipality of York in the west and the Regional Municipality 
of Durham in the east. The basin population was estimated to be 88,150 
ano 75. 

Shales of the Whitby and Georgian Bay formations underlie the 
watershed. These in turn are overlain by overburden deposits generally 
200-300 feet thick throughout most of the basin. The surficial over- 
burden deposits consist of tills, clays, silts, sands and/or gravels, 
with most of the basin being covering by till deposits attributed to the 
last Wisconsinan ice in the area. The Oak Ridges Moraine, a prominent 
physiographic high along the northern boundary of the basin, displays 
large areas in which sands and/or gravels are exposed on the surface. 
These areas allow a significant proportion of precipitation to infil- 
trate into the ground and provide recharge to ground water. 

The stratigraphy of buried overburden deposits is tentatively 
correlated with the overburden formations mapped by Karrow (1967) in the 
Scarborough area to the south. The deposits are divided into four 
identifiable units that are illustrated in a schematic north-south cross 
section: 

LES Upper Drift 
2% Middle Drift 
cy Interstadial Drift 
4. Lower Drift 

Each of the four units represents a major period of deposition, and 
except for the Lower Drift, each can be identified in most areas of the 
basin. 

The Lower Drift consist wholly of a sand till which is tentatively 
correlated with the Illinoian York Till described by Karrow in the 
Scarborough area. 

The Interstadial Drift consists largely of thick deposits of 
lacustrine silts, clays and deltaic sands correlated with the Scarborough 
and Thorncliffe formations. At some locations the two formations are 
separated by the Sunnybrook Till, but in most areas the till is missing. 
Where present, the till is a dense, clay or silt till with only a minor 
number of pebbles. 

The Middle Drift consists primarily of tills deposited at the same 
time as the Meadowcliffe and Seminary tills in the Scarborough area, 
with usually thin interstratified deposits of sands, silts and clays. 

In the middle part of the basin significant ice-contact sands and gravels 
are thought to belong also to the Middle Drift unit. The composition of 
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tills in the unit is variable, ranging from a clay to a silt to a sand 
till in different areas and at different depths. 

The Upper Drift consists mainly of the Halton Till with minor 
interbedded sands and/or gravels, some of which appear to be remnants of 
washed till. The Halton Till is a compact, silty sand till at most 
locations in the basin. Deposits of sand and gravel in the Oak Ridges 
Moraine are also part of the Upper Drift. 

Hydrogeologic interpretations have relied primarily on existing 
water-well records available as of December 1974, and on detailed 
information gathered during an extensive test-drilling program in the 
basin carried out by the Ministry of the Environment. The test-drilling 
program involved three field seasons and resulted in 19 test holes, 17 
of which were drilled to bedrock. 

There are approximately 250 domestic wells in the basin that have 
been drilled into bedrock, but only a small proportion of these re- 
portedly obtained water of unsable quantity for private domestic purposes. 
Bedrock is generally a poor source of water. 

Overburden aquifers are the primary sources of water for domestic 
needs and some of these are capable of supplying large quantities of 
water. Fourteen major aquifer systems have been identified in the 
basin: 

ibe Oak Ridges 
2,3- upper and lower Markham 
4,5. upper and lower Unionville 
6,7. upper and lower Victoria 
8,9. upper and lower Brougham 


LO Greenwood 

a bes Atha 

2% Green River 
13% Pickering 
14, Cedar Grove 


The largest complex of closely associated aquifers is referred to 
as the Oak Ridges aquifer system, which covers an area of approximately 
86 square miles. Private domestic supplies are readily available from 
all drilled wells and most wells should be capable of yielding 50 gallons 
per minute (gpm) or more. 

The upper and lower Markham aquifer systems consist of sand and/or 
gravel that are part of the Middle and Interstadial Drift units in the 
middle part of the basin. Both systems contain very coarse gravels in 
some areas and large municipal yields are being satisfied from these 
formations. Probable well yields will commonly range from 10-50 gpm, 
and it is likely that yields in excess of 100 gpm can be developed at 
many locations within each aquifer system. 

The upper and lower Unionville aquifer systems are also part of the 
Middle and Interstadial Drift deposits of sands and gravels and large 
yields can be expected from certain areas in each system. Probable 
yields of 25-50 gpm will be most common in the upper system, and 10-25 
gpm will be commonly available from the lower system. 

Both of the Victoria aquifer systems are primarily in the Middle 
Drift unit where fine to coarse sands are the most common permeable 
Materials. Potential yields from these systems are somewhat lower than 
from either the Markham or the Unionville systems, with most of the area 
in the upper system probably having yields in the range of 2-10 gpm, 
while yields from the lower system range from 10-25 gpm and from 25-50 
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gpm. Only isolated areas in either System can be expected to yield more 
than 50 gpm. 

The upper and lower Brougham aquifer systems consists mainly of 
fine to medium sand, with the upper system being part of the Middle 
Drift unit and the lower system located in sands of the Interstadial 
Drift. Most common well yields in each System are in the range of 10-25 
gpm, with substantially higher yields possible only from limited areas 
in each system. 

The Greenwood aquifer system contains mainly fine to coarse sands 
of the Interstadial Drift unit, with gravels reported in some wells. 
Probable yields will commonly range from 10-25 gpm and higher yields are 
possible from local gravelly portions in the northern parts of the 
aquifer. 

The rest of the four aquifers defined in the basin, the Atha, Green 
River, Pickering and Cedar Grove aquifers, are of relatively small 
importance because of the smaller areal extent and continuity of each. 

The major horizontal ground-water movement components in both 
shallow and deep aquifers is toward the major streams and their tribu- 
taries. Duffins Creek valley has a pronounced effect on local shallow 
ground water and noticeably effects piezometric surfaces in the Greenwood 
and lower Brougham aquifer systems. Similarly, the Rouge River valley 
in the vicinity of Markham-Unionville and the valley of Bruce Creek 
influence piezometric surfaces in the Markham, Unionville and Victoria 
aquifer systems. The overall general direction of ground-water movement 
throughout the overburden is southward. 

Each of the major aquifer systems are overlain by areas of upward 
and downward ground-water flow. Areas of upward flow occur generally in 
topographically low areas such as major stream valleys, and areas of 
downward flow are coincident with topographically high areas of land. 
The downward movement of ground water, i.e., recharge, into the defined 
aquifers was estimated to be 34.5 mgd, which is equivalent to a surface 
infiltration rate of 0.22 mgd per square mile over the 152.1 square mile 
area of downward movement in the 12 major aquifers. Applying this rate 
for the whole drainage basin of 268.5 square miles yields an estimated 
ground-water recharge value of 59.1 mgd for the basin. This is equi- 
valent to an infiltration of 5.5 inches of precipitation. A recharge 
rate of 44.3 mgd (4.5 inches) was obtained through calculations of 
ground-water discharge to Duffins Creek and Rouge River. This estimate 
was based on established flow-duration curves at six streamflow gauging 
stations, and the assumption was made that ground-water discharge 
corresponded to a discharge equalled or exceeded 60% of the time. 

The difference between the two estimates of recharge is probably 
attributable to the approximations and assumptions made in each of the 
two methods. However considering the amount of permeable materials on 
the surface in the basin, the estimated rate of 0.22 mgd per square mile 
is considered to be a more reasonable value. 

Water-level fluctuations in the basin follow trends similar to most 
situations in southern Ontario. These trends show a high level of 
ground-water in the spring and low water stages in the late summer 
months. The decreases in storage represented by the annual water-level 
declines from the spring to the summer months are usually balance by 
equivalent increases in storage represented by water-level increases in 
the fall, winter and early spring months. During the most recent years, 
these ranges of fluctuations in ground-water storage have corresponded 
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to an approximate rate of change in storage of 44.3 mgd. However, 
average annual change in storage was assumed to be negligible. 

Ground-water quality evaluations were based on a total of 44 
samples; 2 samples are indicative of ground water in bedrock, and 42 
samples were obtained from overburden sources. Both bedrock water 
samples are of the sodium-bicarbonate type. In addition to a predom- 
inance of high chloride values, bedrock waters are often reported by 
drillers to contain hydrogen sulphide gas, which makes the water in some 
cases unpotable. Most waters in overburden are of the calcium-bicarbonate 
type and generally of acceptable quality for domestic use. However, 
some of these waters tend to be very hard and contain undesireable 
concentrations of iron. High concentrations of nitrate are also present 
in a few wells, but this problem is generally not prevalent in the 
basin. 

All ground waters from overburden sources are suitable for most 
irrigation practices in the basin, but waters from bedrock tend to have 
high sodium and salinity hazards and consequently are not recommended 
for irrigation except under special soil management conditions. 

Ground water is an important source of supply for all the major 
water requirements in the basin, satisfying municipal, industrial, 
commercial, irrigation and private recreational needs. In 1975 these 
needs totalled approximately 6.5 mgd, which represents 44% of the amount 
allowed through permits issue by the Ministry of the Environment. 

Municipal takings are centered around three municipal systems 
located within the basin at Markham, Unionville, and Stouffville, and 
around two systems operating just outside of the basin boundary at 
Thornhill and Oak Ridges. Withdrawals at sand and gravel operations are 
the primary industrial uses of ground water and most of these are 
located on the Oak Ridges Moraine north of Stouffville. Golf course 
irrigation is a common practice in the basin, and the irrigation of 
market crops is the primary agriculture use of ground water. 

Reported water-supply interference cases in the basin have been 
relatively minor, and except for complaints attributed to municipal 
pumping at Markham and Unionville, the past cases have been of limited 
scope. Private domestic supply interference in the flowing well area 
near Lemonville has been of concern in the past and may pose future 
problems in the area. 

Future ground-water use trends in the basin will be governed to a 
large extent by the York-Durham project, a provincially-funded sewage 
and water scheme north of Toronto. This project will extend Toronto's 
Lake Ontario water-supply system northward into the basin to service the 
Markham-Unionville and Ajax-Pickering areas in stages past 1985. As the 
integrated servicing scheme progresses, the reliance on ground water £or 
municipal supplies will be reduced and existing ground-water sources at 
Markham and Unionville will probably be gradually phased out. Outside 
the area of the York-Durham scheme, ground water will continue to play 
an essential role in land-use development and water from all the identi- 
fied aquifers in the basin will be primary in providing the necessary 
supplies. 

Within future ground-water development practices, sound management 
related to quantity and quality maintenance will be essential. The most 
obvious concerns relate to preventing water-level interference in domestic 
wells and the Ministry's Permit To Take Water program is a major tool in 
preventing or resolving interference related complaints. Additionally, 
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the conservation of ground water for streamflow maintenance in certain 
parts of the basin must be recognized. In this context, future con- 
servation of flowing wells in the Lemonville-Stouffville area will be 
essential to maintain the flowing conditions that in turn provide a 
substantial proportion of water to streamflow. 

Primary water-quality concerns in the basin involve pollution 
potentials associated with sanitary landfill sites, and pollution due to 
gasoline spills and leaks, road salts, and nitrate and bacterial contan- 
ination derived from domestic septic systems. However none of these 
concerns have been of major extent in the past. Maps in the report 
showing soil permeability and depths to water table should assist in 
determining areas in which shallow ground water is most susceptible to 
contamination by hazards such as spills of gasoline or toxic liquids on 
the ground, or pollution due to domestic septic systems. 
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APPENDIX A 


LOCATIONS AND DESCRIPTIONS OF GEOLOGIC AND 
GEOPHYSICAL WELL LOGS OF THE MINISTRY OF THE 
ENVIRONMENT TEST HOLES 


81 


Figure 18. 


Geologic and geophysical well logs of the 


Ministry of the Enviroment test holes. 


TEST HOLE 4709* 


Elevation Depth 


(ft amsl) 


600 
580 
560 
540 
520 
500 
480 
460 
440 
420 
400 
380 


360 


(ft) 


| 
AAA 


DUFFINS-ROUGE BASIN 


Geologic Single Pt. Natural Gamma 
Log Resistivity Log Log 


(125 ohms /in) (.0125 mr /in) 


Fine to medium sand 


Clayey silt till 


Silty fine sand, 
some silt and clay 


Medium silty sand, 
lenses of gravel 


Clayey silt till 


Silty sand, silt 


Black shale 
End of hole 


TEST HOLE 4710* DUFFINS-ROUGE BASIN 


Elevation 
(ft amsl) 
410 
390 
370 
350 
330 


310 


Depth 
(ft ) 


Geologic 
Log 


2 Sand 


22 


40 


4 56 


73 
76 


89 
96 


Silt and clay 


Sand till 


Sand and silt 


Sand till 
Silt, clay 
Stony sand till with shale fragments 


Shale, some limestone 
End of hole 


* Location shown on Map 6 
4 Split spoon sample 
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Figure 18 (continued) 


Elevation 


(ft amsl) 


1075 


1055 


1035 


1015 


995 


975 


955 


935 


915 


895 


875 


855 


835 


815 


795 


7715 


755 


735 


715 


695 


675 


655 


635 


615 


595 


575 


555 


535 


515 


495 


415 


455 


435 


TEST HOLE 4885* DUFFINS-ROUGE BASIN 


Depth Geologic Single Pt. Natural Gamma 
Log Resistivity Log Log 
(ft ) (250 ohms /in) (.0125 mr/in) 


Stony sand till 
Alternating layers of clay, 
sand and sand till 


Sand and gravel 


Fine silty sand 
Clayey silt till 


Silty sand till 


Sand silt till 


Fine sand, silt, clay 


Clayey silt till 


Sand till with a lot 
of shale fragments 


Fine sand 


Sand till with a lot 
of shale fragments 
Fine to medium sand 


Sand till with a lot 
of shale fragments 


Black shale 


Grey shale, some 
thin limestone beds 
End of hole = | 


*« Location shown on Map 6 
4 Split spoon sample 


Figure 18 (continued) 


Elevation 


(ft amsl) 


660 


640 


620 


600 


580 


560 


540 


520 


500 


480 


460 


440 


420 


400 


420 


Elevation 


(ft amsl) 


800 


780 


760 


740 


720 


700 


680 


660 


640 


620 


600 


580 


560 


540 


520 


500 


520 


Depth 
(ft ) 


Depth 
(ft ) 

0 

20 


40 


60 
80 
100 
120 
140 
160 
180 
200 
220 
240 -—— 
260 fei 
280 


300 


Geologic 
Log 


Brown silty sand till 
(stony) 


Brown layered silt 


Medium coarse gravel 


Grey firm silty sand till 


Grey clay 

Grey sandy clay 
till (stony) 

Grey fine sandy silt 


Brown silty sand 


Blue soft clay 


Grey very soft clay 


Grey silty sand till 


Grey black shale 
End of hole 


Geologic 
Log 


ight brown sandy 
silt till 


Grey sandy silt till 


Grey sand 


Sand and gravel, 
some clay _ 
Stony sand till 


Stony sand till and 
sand gravel complex 


Grey silty sand till 
(stony) 


Grey clayey silt till 


Very stony sand till 


Grey soft clay 


Medium sand 
and gravel 


Grey shale 
End of hole 


TEST HOLE 5830* DUFFINS-ROUGE BASIN 


Single Pt. 
Resistivity Log 


(250 ohms /in) 


TEST HOLE 5831* DUFFINS-ROUGE BASIN 


Single Pt. 
Resistivity Log 


(250 ohms /in) 


Natural Gamma 


(.0125 mr /in) 


Natural Gamma 


(.0125 mr/in) 


Caliper Log 


(10 ins /in) 


aCe 


Caliper Log 


(10 ins /in) 


Sees 


eee 
i 


* Location shown on Map 6 
4 Split spoon sample 
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Figure 18 (continued) 


Elevation 


(ft amsl) 


760 
740 
720 
700 
680 
660 
640 
620 
600 
580 
560 
540 
520 
500 
480 


460 


Elevation 
(ft amsl) 


628 
620 


600 
580 
560 
540 
520 
500 
480 
460 
440 
420 
400 
380 


360 


Depth 


(ft ) 


Depth 
(ft ) 


TEST HOLE 6002* 


DUFFINS-ROUGE BASIN 


Geologic Single Pt. Natural Gamma Caliper Log 
Log Resistivity Log Log 
(250 ohms /in) (.0125 mr/in) (10 ins /in) 
B ilt 
sand till 


Grey stony silt 
and sand till 
with boulders 


Grey sandy silt 
to silty sand till 


Grey fine to medium 
sand and silt 
(few boulders) 


Grey clay 


Grey silt and 
clay (stratified) 


Grey medium sand 
with pebbles 


Grey silt and 
clay (stratified) 
Grey fine to 


medium sand 
Grey shale 


End of hole 


TEST HOLE 6003* DUFFINS-ROUGE BASIN 


Geologic 
Log 


Single Pt. 
Resistivity Log 


(250 ohms /in) 


NaturalGamma_ Caliper Log 
Log 
(.0125 mr/in) (10 ins /in) 


Brown sandy silt till 


Grey silty sand till 
(stony) 


Grey stony silty 
sand till and silty 
sand complex 


Grey fine sand 


Grey silt and clay till 


Grey fine to medium 
sand with stones 


Grey shaley sand till 
Limestone and shale 
End of hole 


ers A 


* Location shown on Map 6 
4 Split spoon sample 


Figure 18 (continued) 


Elevation 
(ft amsl) 

590 

570 

550 

530 

510 

490 

470 

450 

430 

410 

390 

370 

350 

330 


SHO) = 


Elevation 


(ft amsl) 


800 
780 
760 
740 
720 
700 
680 
660 
640 
620 
600 
580 
560 
540 
520 


500 


Depth 
(ft ) 


Depth 
(ft ) 
0 

20 
40 
60 [J 
80 
100 
120 
140 
160 


180 


200 | 
220 fs 


240 Fates 


260 


280 


166 


TEST HOLE 6004* DUFFINS-ROUGE BASIN 


Geologic Single Pt. Natural Gam 
ma 
Log Resistivity Log Log pelts 
(250 ohms /in) (.0125 mr/in) (10 ins /in) 
re tiewsaysai—) sandy silt till 
Grey stony sand 
and silt till 
Grey silt and fine to 
medium sand (layered) 
Grey shaley sand till 
Black shale Y 
End of hole 


TEST HOLE 6005* DUFFINS-ROUGE BASIN 


Geologic Single Pt. Natural Gamma Caliper Log 
Log Resistivity Log Log 
' (250 ohms /in) (.0125 mr/in) (10 ins /in) 


comodo a yan Se ea ee a ee silty sand till 


Grey stony silty sand till 

Grey very stony 

silty sand till 

Grey coarse 

sand and gravel 

Grey stony silty 

sand till and 

silty sand complex 

Grey silty sand 

till (stony) 

Grey sandy silt till 

Grey sand till 

Grey silt, clay and 

fine sand (layered) 

Sand 

Silty clay = ? 

Sand — 
— 


Grey shale 
End of hole 


* Location shown on Map 6 
A Split spoon sample 
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Figure 18 (continued) 


TEST HOLE 6006* DUFFINS-ROUGE BASIN 


Elevation Depth Geologic Single Pt. Natural Gamma Caliper Log 
Log Resistivity Log Log 
(ft. amsl) (ft.) (250 ohms /in) (.0125 mr /in) (10 ins /in) 
1715 Of 6 Brown sand til 
195 Grey clayey silt till 
735 
= Grey clean medium 
715 52 to coarse gravel 
695 
675 100 
655 120 Grey stony silty 
sand till 

635 140 > 

Zan 
615 160 JAS 

ih 
595 180 De 

re 
575 200 a 
555 790 Lgtesrd 229 — Grey coarse clean an 

222 gravel 

535 End of hole 


* Location shown on Map 6 
4 Split spoon sample 


Figure 18 (continued) 


Elevation 


(ft amsl) 


815 


795 


775 


755 


735 


715 


695 


675 


655 


635 


615 


595 


575 


555 


535 


515 


495 


475 


455 


435 


415 


395 


375 


at ak. a a See ee peer | T T T T T T 


TEST HOLE 10252* 


Depth 
(ft ) 
0 


20 


40 f° 
60 


80 bs 


100 
120 
140 
160 
180 
200 
220 
240 
260 
280 
300 
320 
340 |: 
360 
380 
400 
420 


440 


=] 90 


187 
196 


208 


226 


Geologic 
Log 


Fine to medium sand 


Silty sand till 


Sand and gravel 
Silt till 


Sand silt and 
some gravel 


Silty sand till 


Silt and fine sand 
Dark dense 
clayey silt till 
Mostly fine sand, 
some silt 


Clayey silt till, 
very few stones 
or pebbles 


Mostly sand 
Clayey silt till 
Boulders, gravel 
and some sand 


Clay and silt 


Sandy silt till 


Fine silty sand 


Clayey silt till 
Black shale 
End of hole 


Single Pt. 
Resistivity Log 


(250 ohms /in) 


DUFFINS-ROUGE BASIN 


Natural Gamma 
Log 
(.0125 mr/in) 


: 
é 


* Location shown on Map 6 
4 Split spoon sample 
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90 


Figure 18 (continued) 


TEST HOLE 10253* DUFFINS-ROUGE BASIN 


Elevation 
(ft amsl) 
790 
710 
750 
730 
710 
690 
670 
650 
630 
610 |- 
590 
570 
550 
530 
510 
490 
470 
450 
430 
410 


390 


370 


350 


Depth 


(ft ) 


| 28 


187 


278 


4 328 


374 


434 
435 


Geologic 


Log 


Brown stony 
silt till 

Sand, gravel, 
boulders 


Silty sand till, 
some boulders 


Fine to medium 
sand, silt 


Sand and gravel, 
a lot of boulders 


Sand, some 
gravel seams 


Fine silty sand, 
silt 


Black shale 
End of hole 


Single Pt. 
Resistivity Log 


(125 ohms /in) 


EE 


+1 6 


*» Location shown on Map 6 
4 Split spoon sample 


Figure 18 (continued) 


TEST HOLE 10254* DUFFINS-ROUGE BASIN 


Elevation Depth Geologic Single Pt. Natural Gamma 
Log Resistivity Log Log 
(ft amsl) (ft ) (125 ohms /in) (.0125 mr/in) 
715 - ——— 0 


Brown silty sand till 


Grey silty sand till 4 


Silt, clay 


695 20 
675 40 
655 60 
635 
615 


Silty sand to 


595 medium sand 


575 140 


p Coarse sand, > 

0 Sng gravel, boulders 
555 E 156 
535 Silty clay till 

194 
515 203 Grey clay 
ae) 2 Shaley clay till 
495 = 
i Dark shale 

475 


247 End of hole 


455 
TEST HOLE 10255* DUFFINS-ROUGE BASIN 
Elevation Depth Geologic Single Pt. Natural Gamma 
Log Resistivity Log Log 
(ft amsl) (ft ) (125 ohms /in) (.0125 mr/in) 
635 0 Brown Ge ee a a ae a ean Cokes ie 
sand till 
615 20 Grey silty 
sand till 
P Dirty sand 
595 40 p and gravel 
Stony sand till, 
575 60 boulders 
555 80 |— Sand to silty 
sand till, 
535 100 some boulders 
120 
a Soft grey 
shale 
495 140 End of hole 


*« Location shown on Map 6 
4 Split spoon sample 


Figure 18 (continued) 


TEST HOLE 10256" DUFFINS-ROUGE BASIN 


Elevation Depth Geologic Single Pt. Natural Gamma 
Log Resistivity Log 0g 
(ft amsl) (ft ) (250 ohms /in) (.0125 mr/in) 
750 - ———— 0 SS ae ea 
410 Brown silty a 
sand till 
730 r 20 
710 ie 40 
IL. t Grey silty 
690 60 sand till 
670 80 
650 + 100 
630 F 120 120 
Silt and clav 
610 F 140 (bedded) 
155 
590 + 160 
570 + 180 
Medium sand with 
550 - 200 streaks of gravel 
530 L 220 
510 ees 
| za ore Sand, gravel, 
ago L 958 boulders 
End of hole 


» Location shown on Map 6 
a Split spoon sample 
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Figure 18 (continued) 


Elevation 


(ft amsl) 


1020 


1000 


980 


960 


940 


920 


900 


880 


860 


840 


820 


800 


780 


760 


740 


720 


700 


680 


660 


640 


620 


600 


580 


560 


540 


520 


500 


TEST HOLE 10548* DUFFINS-ROUGE BASIN 


Depth Geologic Single Pt. 
Log Resistivity Log 
(ft ) (125 ohms /in) 


Silty sand till 


Silt clay 
Clayey silt till 
Medium to coarse sand 


Clay EEE 


Coarse sand, gravel 


Fine to medium sand 


Silt 
Fine silty sand 


Silty sand till 


Fine sand 
Clay 


Silty sand, silt 
Clayey silt till 
Silt,clay 
Coarse sand 
some gravel 
Silt and clay 
Silty sand till, 
abundant shale 
fragments 
Grey shale 


End of hole 


Natural Gamma 
Log 
(.0125 mr /in) 


) 
| 
| 


f 


* Location shown on Map 6 
4 Split spoon sample 
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Figure 18 (continued) 


Elevation 


(ft amsl) 


685 


665 


645 


625 


605 


585 


565 


545 


525 


505 


485 


465 


Elevation 


(ft amsl) 


690 


670 


650 


630 


610 


590 


570 


550 


530 


510 


490 


470 


Depth 


(ft ) 


Depth 


(ft ) 


Geologic 
Log 


Brown silt till 
Grey clayey silt till 


Grey sandy silt 
till with stones 


Silty clay till 


Grey silt and 
clay (stratified) 


Grey fine to medium 
sand with stones 


Grey fine to 
coarse gravel 
Grey silty sand 
(stratified) 
Grey shale 


End of hole 


TEST HOLE 12293* DUFFINS-ROUGE BASIN 


Single Pt. Natura! Gamma Caliper Log 
Resistivity Log Log 


(250 ohms /in) (.0125 mr/in) (10 ins /in) 


TEST HOLE 12294* DUFFINS-ROUGE BASIN 


Geologic Single Pt. Natural Gamma Caliper Log 
Log Resistivity Log Log 
(250 ohms /in) (.0125 mr/in) (10 ins /in) 
Brown silt till 


Grey stony silty 
sand till 


Grey coarse sand 
and gravel (dirty) 


Grey stony silt 
till and dirty sand 
and gravel complex 


Grey silt and clay 
(stratified) 


Grey stony silty sand 


Grey clay 

Grey shaley 
silt clay till 
Black shale 
End of hole 


- 


* Location shown on Map 6 
4 Split spoon sample 


Figure 18 (continued) 


TEST HOLE 12295" DUFFINS-ROUGE BASIN 


Elevation Depth Geologic Single Pt. Natural Gamma Caliper Log 
Log Resistivity Log Log 
(ft amsl) (ft ) (250 ohms /in) (.0125 mr /in) (10 ins /in) 
ee 9 Brown silt till 
725 
705 
Grey silty sand to 
oo sandy silt till with 
stones and boulders 
665 
645 
625 120 
Stony sand till 
132 
605 
585 Sand to silt till 
565 
188 
ap Grey silt and clay 
(stratified) 
525 
230 
505 
Grey silty clay till 
485 
270 
465 Grey fine sand 
290 
445 Grey silty clay till 
307 
Black shale 
425 318 End of hole 


* Location shown on Map 6 
4 Split spoon sample 


APPENDIX B 


ANALYSES OF TILL SAMPLES 
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APPENDIX C 


MINISTRY OF THE ENVIRONMENT 
WATER-WELL RECORD FORM 


LOL 


Ministry of the The Ontario Water Resources Act 


core WATER WELL RECORD 


1. PRINT ONLY IM SPACES PROVIDED 
2. CHECK CORRECT BOX WHERE APPLICABLE 
COUNTY OR DISTRICT TOWNSHIP, BOROUGH, CITY, TOWN, VILLAGE CON., BLOCK. TRACT, SURVEY, ETC 


Ontario 


OWNER (SURNAME FIRST) ADORESS DATE COMPLETED 


DAY. MO. 


LOG OF OVERBURDEN AND BEDROCK MATERIALS (see instructions) 


MOST OTHER MATERIALS GENERAL DESCRIPTION 
COMMON MATERIAL 


SIZE(S) OF OPENING DIAMETER LENGTH 
(SLOT NO) 


DEPTH - FEET 


ras cs 


GENERAL COLOUR 


WATER RECORD CASING & OPEN HOLE RECORD 


aT T 
WATER FOUND INSIDE WALL DEPTH - FEET 
AT - FEET IOC Is LM DIAM MATERIAL THICKNESS 
INCHES INCHES FROM To 


INCHES 


MATERIAL AND TYPE DEPTH TO TOP 
OF SCREEN 


SCREEN 


FRESH O SULPHUR 


SALTY OD MINERAL STEEL 


GALVANIZED 


ee PLUGGING & SEALING RECORD 


OPEN HOLE 


ie DEPTH SET AT - FEET CEMENT GROUT 
STEEL eli ees MA Leste ts 

TERTALVANO TYEE. LEAD PACKER, ETC ) 
GALVANIZEO 


CONCRETE 
OPEN HOLE 


FRESH O SULPHUR 
SALTY O MINERAL 


FRESH  [] SULPHUR 
SALTY CO MINERAL 


FRESH 0 SULPHUR 
SALTY DO MINERAL 


STEEL 
GALVANIZED 
CONCRETE 
OPEN HOLE 


FRESH © SULPHUR 
SALTY O MINERAL 


Bia Sa) Ba) oe 
ooo0oqo0000;/0000 


PUMPING TEST METHOD PUMPING RATE DURATION OF PUMPING 


LOCATION OF WELL 


O pump O Balter 


ate WATER LEVEL ewe IN DIAGRAM BELOW SHOW DISTANCES OF WELL FROM ROAD AND 


END OF WATER LEVELS DURING 
LEVEL Pirie O recovery LOT LINE INDICATE NORTH BY ARROW. 


15 MINUTES 30 MINUTES 45 MINUTES 60 MINUTES 


\F FLOWING. PUMP INTAKE SET AT WATER AT END OF TEST 
GIVE RATE 


O cLeaR O cLouoy 


RECOMMENDED PUMP TYPE RECOMMENDED RECOMMENDED 
PuMP PUMPING 
O sHattow O oveeP SETTING RATE 


PUMPING TEST 


WATER SUPPLY O ABANDONED, INSUFFICIENT SUPPLY 
OBSERVATION WELL CO ABANDONED. POOR QUALITY 

TEST HOLE O UNFINISHED 

RECHARGE WELL 


FINAL 
STATUS 
OF WELL 


DOMESTIC COMMERCIAL 

STOCK MUNICIPAL 

IRRIGATION PUBLIC SUPPLY 

INDUSTRIAL COOLING OR AIR CONDITIONING 
O orher O Nort used 


WATER 
USE 


ooo0o0;a0000 


CABLE TOOL BORING 

ROTARY (CONVENTIONAL) DIAMOND 
ROTARY (REVERSE) JETTING 
ROTARY (AIR) DRIVING 

AIR PERCUSSION 


METHOD 
OF 
DRILLING 


oo0o000 


DRILLERS REMARKS: 


NAME OF WELL CONTRACTOR LICENCE NUMBER 


AODRESS 


NAME OF DRILLER OR BORER LICENCE NUMBER 


SIGNATURE OF CONTRACTOR SUBMISSION DATE 


CONTRACTOR 
OFFICE USE ONLY 


DAY —..__—__ MO. 


CONTRACTOR’S COPY FORM NO. 0506—4—77 


Figure 19. Ministry of the Environment Water Well Record form. 
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APPENDIX D 


OGDEN (1965) FORMULA FOR ESTIMATING TRANSMISSIBILITY 
JACOB (1953) MODIFIED NONLEAKY ARTESIAN FORMULAE 
HANTUSH (1964) LEAKY ARTESIAN FORMULAE - UNSTEADY STATE 


Mere: 


Le Ogden. (1965) Formula for estimating transmissibility from one 
measurement of drawdown in the pumped well. 


1.56 r7Ss 1.56 r¢S 
= ee aT 
i WG = Tiasor0t ut 


= well function 

= reported drawdown in pumped well (ft) 
= constant pumping rate (gpm) 
transmissibility (gpd/ft) 

radius of pumped well (ft) 

= coefficient of storage 

= duration of pumping test (days) 


sur (ép Im} Cra] WOR UE 
| 


1.56r2S 


i Tt 


The coefficient of storage for artesian aquifers was assumed to be 
Sax 10a and the specific yield for water-table aquifers was assumed to 
be 0.1. Values of u(W(u)) and corresponding u's were estimated from 
graph and/or table given by Ogden (1965, p.52). 


Qe Jacob (1953) Modified Nonleaky Artesian Formulae 


(a) (drawdown-time curve for one observation well) 
pee cl 0 ee OER ES 
KS a r2 
Tae wLCransmissibin ity (dqpd7 ft) 
Q = discharge (gpm) 


AS = drawdown per log cycle (ft) 
ss = time at zero drawdown (days) 
r = distance from pumped well to observation well (ft). 


(b) (drawdown - distance curve for more than one observation well) 


528 F 
r= =e , ae ene 
r2 
0) 
t = time after pumping started (days) 
r = distance at zero drawdown (ft) 
O 
3 Hantush (1964) Formulae for Leaky Artesian Aquifer - Unsteady 


State. ("Hantush Inflection - Point Method") 


This method utilizes semilog drawdown-time curves for one observa- 
tion well in which the procedure is as follows (Hantush 1964 p.417): 


(1) estimate o from curve in which drawdown is in feet and time 
in minutes 


(2) calculate Ss. from 


s. = 0.5s 
5 m 


104 


(3) locate s. on curve - this is "inflection point" (IP); 
determine corresponding value of t. 

(4) determine m. of curve at IP 

(5) calculate he quantity 2.38, and 


m. 
ab 


(a) obtain corresponding value of r/B from a table/graph of 
EiC/ BGs OL 
(bya 2.38, > 4.77, obtain B/r using: 


m, 


ne 
meee (2B) = 0.251 + S. and calculate B. 
; m, 
i 
Kae 
(Oy) meecal culate: Ll, s:, on using 
iy 114.60 K (r/B) 
(ah ie SS ee a ec < 
m. =a oF 
2 2 
ee.(/ 2B) 

1.56 xr? 

COKE t > °r 
— = = 
b ee 
Sa estimated maximum (steady-state) drawdown (ft) 
S. = drawdown at inflection point (ft) 
a. ps time corresponding to Se (days) 
m= Slope at inflection point 
xr = distance from observation to pumped well (ft) 
B = leakage factor (ft) 
K (r/B)= function (found in tables) 


Q discharge (gpm) 

Au = transmissibility (gpd/ft) 
S = coefficient of storage 

K 


— = coefficient of leakage (gpd/ft?) 
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APPENDIX E 


CHEMICAL ANALYSES OF GROUND-WATER SAMPLES 
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Maps and Figures in Pocket: 
Map 1 — Physiography and Drainage 
Fe Map 2 — Hydrometric Stations 


Map 3 — Bedrock Geology and Topography 

Map 4 — Overburden Thickness 

Map 5 — Surficial Geology 

Map 6 — Locations of Water Wells 

Map 7 — Upper Aquiter Systems in Overburden 

Map 8 — Lower Aquiter Systems in Overburden 

Map 9 — Water Availability from Upper Aquiter Systems 

Map 10 — Water Availability from Lower Aquiter Systems 

Map 11 — Configuration of Water-Level Surface in Shallow Wells 
Map 12 — Ground-Water Quality 

Map 13 — Ground-Water Supply Problems 

Map 14 — Ground-Water Withdrawals Water Supply Interference Sites 
Map 15 — Flowing Well Areas 

Map 16 — Depths to Water Table Soil Permeabilities 

vt Figure 3 — Hydrogeologic Cross Sections 
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Scale 1 inch to 50 miles 
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Note All elevations in feet above mean sea level 


ELEVATION TINTS 
Metres Feat 
305 = 1000 
274 a 800 
2a 200 
-— 0 

83 | 600 
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Physical Characteristics of Major Streams 


Approx «! Fotal drop in 
Length —pearsource —streambedel. Stream gradient 
Steam imies} Weer) (teed) tft mae) 
Rouge Rover 22 aes 740 272 
Rouge Cree 208 1000 er 
Outen Creve s 1000 <5 
Went Custis Comet 43 1000 730 435 
reece! Cree s os 380 7 


Reterence: Ont Dept Planning & Ov't 1956 


Cantograpnny by D. Griffin 
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PHYSIOGRAPHY AND DRAINAGE 


Scale 1:50,000 


1 inch equals 0.73 miles 
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SURFICIAL GEOLOGY 


LEGEND 


CENOZOIC 


PLEISTOCENE 


of the basin 


Beach deposits: well sorted and stratified sands and gravels south of 
the Lake Iroquois shoreline 


Glacial deposits (undifferentiated): mainly silty sand till 
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DUFFINS-ROUGE MAP 3 
BEDROCK GEOLOGY AND TOPOGRAPHY 


LEGEND 
PALEOZOIC 


UPPER ORDOVICIAN 


Deep overburden well, approximate elevation of bottom of wall 


x0 Bedrock outcrop, approximate elevation of top of rock (where shown) 
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GENERAL AQUIFER CHARACTERISTICS 


) TOwnsmie . 


ek om 
APPROXIMATE AVERAGE AVERAGE DEPTH © AVERAGE DEPTH APPROX TOWN = 
AQUIFER SURFACE AREA PREDOMINANT SATURATED TO TOP TO STATIC 1 y 
SYSTEM (sq mi) MATERIAL THICKNESS: OF SYSTEM WATER LEVEL —(gpd/ft) 
(tt) (fh) (ft) 


AQUIFER COEFFICIENTS AT SPECIFIC SITES, 
DETERMINED FROM DETAILED PUMPING TESTS” 


WELL PURPOSE AQUIFER T s if REFERENCE 4 i lene Es Nees 
NUMBER OF WELL TESTED (gpd/h) (opd/tt) pee é a menae 
3768 Unionville Upper 3750 23x10-* 10 
municipal well #3 Unionville : 
3899 Markham Upper 52,800 NA NA = =f 
municipal well #2 Markham =, \ Bae \ ie 
4376 Industrial well Oak Ridges 10,800 44x10"? 2x10"? 5 | \-~ / ee a 3X 
4708 MOE test well Greenwood 14,410 67x10" NA 6 | A 
8211 Stouttville Oak Ridges 8350 25x10" 2x107 2 ~ 
municipal well #8 Y 
“Note: The coslficients of transmissibility (T), storege (5S) and leakage (L) have been calculated on the basis of long-term pumping tests for which draw- 3 
down: time of drvwdown-distance Curves were available. Either the Hantush (1964) leakage oF Jacob (1953) simplified formulae were used. cepend- 
ing 0” the pumping test data. “NA” indicates that pertinent data were not eveilabie for calculation of the parameter. The sources of data are indicated 
by the appropiate reterences. », 


SOURCES OF INFORMATION 
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ae! Ss S ZX « ‘3. = ee / Ss 
iter interpretations by U. Sibul assisted by KT. Wang and K. Inch. Interpretations y J oe 2 A ® 4 P fe ‘ i ‘ : > < : rai [} =a, SN 
are based on water-well records on file with the Ontario Ministry of the Environment ms X S 2) \ 1 ~ } Y 5 a SVE atc -. = 
as of December 1974, and on the basis of M.O.E. test drilling during 1970, 1971 P A cae , }sx# CENT en NEN sv VAY W) Ave iA 
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1. Hydrology Consultants Ltd. 1964, Report on pumping tests by Henpran Develop- [PF Ss Se a 
\ raat 


ment Lid. Unionville Area. 


2. Hydrology Consultants Lid., 1965, Pumping tests on # production well at the Town 
of Stouttvilie, 


3. Hydrology Consultants Lid, 1975, New Toronto International Airport Ground- 
water study, Transport Canada, 

4. international Water Supply Lid., 1964, Unpublished data on Markham Well #2 

5. George H. Mayhew and Assoc, 1970, Analysis of the test pumping of the well at 

operatives Ontario, Police Village of Claremont, Pickering Township. 

County of Ontaria, Ontario, 

6. Ministry of the Environment, 1970. Unpublished data on file. 

7. Ministry of the Environment, 1974, Unpublished data on file. 


Cartography by D. Griffin, 
Base map derived trom 1:25,000 and 1:60,000 sheets of the National Topographic 
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DUFFINS-ROUGE MAP 7 
MAJOR UPPER AQUIFER SYSTEMS IN THE OVERBURDEN 


LEGEND 


Approximate boundary of aquifer; aquifer name (approximate mean 
elevation of top of aquifer) 


Piezometric surface elevation contour in aquifer (feet above mai); 
interval 25 feet (50 feet in Oak Ridges aquifer) 


Test hole drilled in overburden 


Test hole drilled in bedrock 


Drilled well in overburden 


Drilled well in bedrock 


Dug oF bored well in overburden 
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MAP 7 
MAJOR UPPER AQUIFER SYSTEMS 
IN THE OVERBURDEN 


MAP 2125 


DUFFINS-ROUGE MAP 14 
MAJOR GROUND-WATER WITHDRAWAL 
AND WATER SUPPLY INTERFERENCE SITES 


SUMMARY OF MAJOR GROUND-WATER WITHDRAWALS! 


WATER- AUTHORIZED BY CONSUMPTION 
MAP SOURCE WELL AQUIFER PERMIT (1875)? REMARKS 
REFERENCE RECORD a a Et I] 

NUMBER Lal laa Li eas 


MUNICIPAL SUPPLY 


Ms 1 well 821 OR 350 SFT oars 53 Stouttville #8 well 
MSS 1 well 8212 OR Joo" 1.01" Stoutfville #5 well 
Mol 1 well 1454 OR 250 aSi| ns 13 Oak Ridges #1 well LEGEND 
MO2 1 well 9125 OR 400 68} Oak Ridges #2 well 
MMi 1 well 4170 LM yooor 1.44") 4.54 52 Markham #1 woll 
MM2 1 wall 3899 UM = 1000.44 Markham #2 well 
Mut 1 well 3782 Lu 240 26 er Unionville #1 well 
MU2 1 well 10992 Lu 240 35 54 Unionville #2 well LL Major ground-water withdrawal; refer to table for summary 
Mu3 1 well 3768 uu 150 22 Unionville #3 well 
MOM! 1 well 3149 Lu 350 43° Don Mills #1 woll 
MOM2 1 well 3148 lu 350° a3 l 1,49 56 Don Mills #2 well Location of ground-water supply interference case; refer to table 
MOM3 1 well 3145 tu 550 73 { Don Mills #3 well for summary 
MSP7 1 well 10842 tu 700 1,00 Steeles-Pharmacy #7 woll 
Total 6280 8.75 431 Avg.=49 Municipal, walt 
INDUSTRIAL SUPPLY Industrial well 
BY one eat nal 600 86 35 41 sand & gravel wash 
12 1 pit = = 96 06 04 66 sand & gravel wash lodustriat ple 
13 1 well 8400 oR 40 ‘06 03 50 sand & gravel wash 
4 1 well 3917 OR 600 ‘47 a 23 sand & gravel wash 
15 1 pit = = 115 ‘55 18 33. sand & gravel wach brigation oa 
ye nica! an set 35 05 02 40 processing, boiler food 
7 1 well 9594 OR 350 50 26 52 send & gravel wash 
18 1 well 4375 OR 185 ri 09 33° processing Irrigation dugout pond 
19 1 well 1492 = 1040 94 18 19 fish production 
Total 3061 3.76 1.26 Avg.=34 Hecniemond orell 
GOLF COURSE IRRIGATION 
- Flowis 
G1 1 well 3697 wu 07 ry) 57 storage recharge ea] jeter 
G2 1 well 3327 = 40 05 ‘92 40 storage recharge 
G3 1 well 5368 = 145 22 ‘04 33 storage recharge 
G4 5 wells 8860 tu) 
3524 a 
eee = 250 35 26 74 — storage recharge SOURCES OF INFORMATION 
9443 = 
gs 1 wel 2378 on 2 9 93 43 storage recharge Ministry of the Environment internal files on water-well interference complaints. 
G7 1 well 3625 OR 25.08 02 50 storage recharge Ministry of the Environment internal files associated with the Permit to Take 
Water program, 
Total 7108 47 Avg.=58 
Water-well records on file with the Ontario Ministry of the Environment as of 
AGRICULTURAL IRRIGATION Deca ay 
AY 2 wells 3394 - Cartography by D. Griffin 
3396 =} Sy a Ag Le eee Base map derived from 1:25,000 and 1:50,000 sheets of the National 
A2 3dugows = — = 367 04 04 100 crop irrigation Topographic series. 
| A3 1 well 8867 lu 15 ‘02 ‘01 crop irrigation 
AS 1 wall 4580 = 15 ‘01 ‘O1 100 nursery irrigation 
AS 1 dugout = ~ 96 06 ‘02 33 crop irrigation = 5s 
AS 1 dugout = = 500 ‘45 43 28 crop intigation 
Lid sf ME 2) Gil Me tet] To accompany Water Resources Report 8 Gore ent 
> ons 
PRIVATE RECREATION SUPPLY Pubes 
RY 1 well ‘No record oR . 20 03 03 100 pond recharge 
R2 1well no record OR 25 ‘04 04 100 pond recharge 
Ra 1 woll 8668 OR 20 03 03 100 pond recharge 
Ra 1 well 8063 OR 30 04 ‘04 100 pond recharge 
Total 95 14 14 Avg.=100 
BASIN TOTAL 11596 14.66 649 Avg.n44 
Major withdrawals refer to the use of ground water Irom individual sources al fetes exceeding 10,000 gallons per dey. 
Walues for Industial Supply, Golf Course Irrigation. Agricultural Irrigation and Private Recreations! Supply aie based on projections of 
1973 dats, Ontario 
“These withdrawals are not authorized by Permit; rates and emounts stated represent capacities iMminVed fi 7 — 
bd a eee Soeetrue’ tes the never MINISTRY OF THE ENVIRONMENT 
Water Resources Branch 
SUMMARY OF | 
GROUND-WATER SUPPLY INTERFERENCE CASES DU FFI NS CR EEK- ROUG E R IVER 
——_-_——_—_ «iEGEDEOURCE SCS*~*C*CUéNUM B 
ALLEGED SOURCE NUMBER OF DRAINAGE BASINS 
MAP REFERENCE = OF INTERFERENCE VALID. CASES qi 
A Dewatering at construction 7 
‘ite or gravel pit MAP 14 
8 Municipal withdrawal 5 ~ 
G Iirignion withdrawal 2 ep MAJOR GROUND-WATER WITHDRAWAL 
D Withdrawal for private or 3 
recreational supply AND 
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FLOWING WELL AREAS 
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INSET MAPA 
Scale 1:75,000 


. Drilled bedrock well, not flowing. in inset maps A and B only 


cunscipal well in k 
. Bored of dug well. not flowing. in inset maps A and 8 only 
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MAP 2130 


STREAM - GAUGING STATIONS SUMMARY 


STATION DRAINAGE AREA TYP OF GAUGE. 
wine STATION NAME para Seaman PERIOD OF ALCORD 
o2HC022 Rouge River near Martha 72 recording. continueut 196 
o2HcyC3 Rouge River st Scarborsugh s28 recorsing. conunvous 1974 * 
o2HCors Lile Rowge Creek meat Locust Hull » recording. conbavove 1983. + 
O2HCTOS Lette Rouge Cree’ at Scarborough 427 reconting. conbavout 1974. + 
O2HCOIS Katabokokont Crest above Locust Mill 1.4 teconting. conmnuows 1974 
ORHCIOS Perticost Creek near Dunbarton 70 recording. conenuows wre * 
O2HCOIS Dulin Crowh Below Arthur Percy Ose 361 manual, seasons! 1960-1962 
recording, coninuoet 1963, * 
02008 Duties Creek at Pickering 960 manual seasons! 1945,1948 
manual continous 1949:1988 
recending, comput 1989-1971 
recording, wessone! 1972. * 
o2HCDa} ‘West Dutfiny Creek near Antone 6s recording, cominvous 1974, + 
e2HCo3s West Dutfins Creek above Green River 135 recording. continuout 197%. = 
o2HCars Wert Dutfins Creek at Green River 33 manual, continvovs 1963-1968 
manual, comtinuout 1870-1973 
recording. continuous 1978 = 
O2WCIOS West Dutton Crest near Pickering 509 reconting. continuous 1974 + 
oaHCoss Wison Cores below Altona a1 recording. continuous 1974. * 
o2HCO40 Reesor Creek near Altona 58 vecording. continuous 197% + 
o2Hco39 Reesor Creek above Green River 148 recording. continuous 1974. + 
o2Coxs Stouttwite Creek below Saouttwile 59 recording. continuous 1874. + 
o2Hcox? Major Creek above Green River 13 recording. continvous 1978. + 
‘Operations! in Decembes 1978 
METEOROLOGIC STATIONS SUMMARY 
—e § Z 
a. = = 
few = SB 
Us Sy S 
oR eee) ae 
STATION ae ee ee wa Oe 
STATION NAME NUMBER meconpsfraom oS F EF 5 » 2 & 
SS ie 
Ye Moh & =F F EF £ F B 
Broughem 6151000 1965 (08 x 
Bruces’ Mill 615026 198 12 x 
Claremont erstses 19623 x 
Frenchman's Bay 6182608 1959 OS x 
Martharn o1s4987 1987 02 x 
Markham MTRCA’ 6184990 1968 OF xs 
Markham OWRC* 6154992 196110. ey 
‘Markham Waterworks OWNC™ er5e0n4 61 x 
sk Ridges* 165722 {er OO Ree eee OX em, XK 
Prckering 0186513 1965 wo x 
Pickering Audiey eres 1988 oa x x 
‘Richmond Hill 61s7012 1959 ae 
Richmond Hil OWRC eys7014 1960 (OS CS 
Rouge Part ors7i9e 190 (OF x 
Stowthatie 6158080 1960 x 
Unicewilte” e1s90ss 19600018 x 
Wilcox Lake 6189510 1960 nee 
“Receetts may not be continuous 
OBSERVATION WELLS SUMMARY 
GROUND TOTAL = RECORD 
WELL TYPE ELEVATION DIAM. DEPTH MATERIAL START END METHOD OF OWNER REMARKS 
NO (MAMBL) (in) (tt) (moryr) RT fin 1974) 
106 drilled = 00 8 135 bo 8/63 * ‘Stevens Type Regional Municipality Observation weil tor 
‘ Frecomder of York Don Mills wells 1.2.3 
301 bowed «= 35 4B 23d BT * 2 1H. MeDonnat ‘Water table measur 
302 bod «= 830 4B 20 wt wlll, 6/7 * = L Bennett ‘Water tobie measur 
303 bod = 39D Bak 670-1178 % 1, Corey Precip: gauge at ae 
trom 5/71 19 10/71 
204 rtd = B34 6 az = —-/7011/78 Stevens Type H. Burton Water weil record 1660; 
ASS recorder Precip. gouge st site 
trom 6/70 16 10/70 
(205 bored 7 a6 2 son 6/70 Sernes Tyee M. Larkin Water table meat 
306 bows «= 90H B21 TO 1/7 =  MeNamare Precip 
toom 5/71 10 11/71 
308 dria = 378 os 1/1276 Stevens Type MTACA- ‘Water table measur't: 
ASS recorder Greenwood CA water well record $089. 
MOL vest well 
329 dried §— ON s “am ad MIRCA. Water table meanur't: 
cA water well record 6000, 
on 2 a sau 12/70 * manual 
ow 2 7» “ «1270 * manual 
oun 2 "= eho 12/70 noreal 
os 2 m «(12/70 * manuel 
mm 2 ae «(12/70 * manual 
ue 2 » som om manual 
os 2 cal whe 2 manual 
2 0 Who 27 manual 
6 8 who 87 Stevens Type 
AM6 recorder 
6 cd “ ama 4 
es om 1074 * ‘Stevens Type 
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DUFFINS-ROUGE MAP 2 
HYDROMETRIC STATIONS 


Scale 1 inch to 100 miles 


a Streamflow gauging station 


Cartography by D. Griffin. 


Base map derived trom 125,000 and 1:50,000 sheets of the National 
Topographic series, 
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DUFFINS CREEK-ROUGE RIVER 
DRAINAGE BASINS 


MAP 2 
HYDROMETRIC STATIONS 
1976 


GENERAL AQUIFER CHARACTERISTICS 


AQUIFER 
SYSTEM 


Markham 
Unionville 
Victoria 
Brougham 
Greon River 


APPROXIMATE AVERAGE AVERAGE DEPTH = AVERAGE DEPTH APPROX, 
SURFACE AREA PREDOMINANT SATURATED TO TOP OF TO a 
(sq mi) MATERIAL THICKNESS SYSTEM WATER LEVEL —(gpd/ft) 
(fm) (tt) (mt) 
22 sand, gravel wn 160 3% 2700 
“4 sand, some gravel 20 100 30 3700 
13 sand 10 150 20 2500 
12 send 10 110 50 1300 
6 sand 10 100 50 1600 


“Note: The approximate T (trenemiszibility) values have been calculated on the basis of short-term pumping lest Gata given in the water-well records on 
file with the Ministry. The method of calculation Ia described by Ogden (1965). 


AQUIFER COEFFICIENTS AT SPECIFIC SITES, 
DETERMINED FROM DETAILED PUMPING TESTS* 


PURPOSE AQUIFER T s L REFERENCE 

OF WELL TESTED (gpd/tt) (apart) 

test well Lower 8430 4.1.x 1078 7.3x10-* 1 
Unionville 

test well Lower 2170 7A «107% 3x10-* 1 
Unionville 

MOE-NPP Lower 1800 45x10 7x10 7 

Tost weil Brougham 

TAAP Lower 3900 1,5x107% NA 3 

test well Markham 


“Note: The costficients of transmissibility (1), storage (5) and leakage (L) have been calculated on the bavis of long-term pumping tests for which drawdown- 


time oF 
the 


dtawdown: 
the Dumping test data, “NA indicates that pertinent dats were not available 
appropriate reterences 


distance curves were available. Either the Hantush (1964) leakage ot Jacob (1953) simplied formulae were used, depending on 
fot calculation of the parameter, The sources of data are indicated by 


SOURCES OF INFORMATION 


Aquifer interpretations by U. Sibul assisted by K.T. Wang and K. Inch. Interpretations 

are based on water-well records on file with the Ontario Ministry of the Environment 

as of December 1974, and on the basis of M.O.E. test drilling during 1970, 1971 
974, 


Reterences: 


1. Hydrology Consultants Ltd. 1964, Report on pumping texts by Hengran Develop- 
ment Ltd., Unionville Ares, 


2. Hydrology Consultants Ltd., 1965, Pumping tests on a production well at the Town 
of Stouttville. 

3. Hydrology Consultants Lid, 1975. New Toronto Internetional Airport Ground: 
water study; Transport Canoda, 

4, Intemational Water Supply Lid. 1964, Unpublished data on Markham Well #2 

5. George H. Mayhew and Assoc, 1970, Analysis of the test pumping of the well at 
United Co-operatives Ontario, Police Village of Claremont, Pickering Township, 
County of Ontario, Ontario. 

6. Ministry of the Environment. 1970, Unpublished data on file. 

7. Ministry of the Environment, 1974, Unpublished data on file. 


Cartography by 0. Griffin, 
Base map derived from 1:26,000 and 1:50,000 sheets of the National Topographic 
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DUFFINS-ROUGE MAP 8 
MAJOR LOWER AQUIFER SYSTEMS IN THE OVERBURDEN 


LEGEND 


RIA (899, Approximate boundary of aquifer: aquifer name (approximate mean 
elevation of top aquifer) 


Piezometric surtece elevation contour in aquifer (feet above m.si.): 


interval 25 feet 


Test hole drilled in overburden 


Test hole drilled in bedrock 


Drilled well in bedrock 


Dug oF bored well in overburden 


575. 
ey | 
a 

. Dritled weil in overburden 
Pe 


® Drilled municipal well in overburden 


Drilled municipal well in bedrock 


Abandoned well 


” 
ae 
Water well in aquifer; upper value (35) indicates depth (in feet) to static 
SS water level; a plus sign (+) before this value indicates that the water level 
€ is above ground surface by the indicated number of feet: lower value (90) 
indicates depth (in teet) at which water is found in the aquifer—this 
depth usually corresponds to the depth to the top of the squifer 
SS 


Not available 


Flowing weil, static water level is ebove ground surface 


Notes: 1, The aquifers shown on this map represent those that have been inter 
preted on the basis of available geologic and hydrologic data obtained 
from water-well records on file with the Ministry of the Environment 
(locations shown on Map 6). The locations of the aquifer boundaries are 
interpretive approximations and ore subject ta modifications os new 
information becomes available. 


2. On areas of the map where aquifers are not shown, it has not been pos 
sible to identify discreet aquifers because of insufficient data to interpeet 
aquifer extent, or because of the complexity of local aquifer systems. In 
determining the occurrence of ground water in areas outside the shown 
aquifers, records of local water wells should be consulted to determine 
the type of successful wells (dug, bored, drilled etc.) in an area, the 
depth(s) to local water-bearing zone(s), and the depth(s) of the static 
water level(s). 


——_~+e___ 


Te accompany Water Resources Report 8 Gaverncdent 


Publications 


MAD ans | 
R 1.9 1979 )pmtano 


MINISTRY oF THE ENVIRONMENT 
Water Resources Branch 


a 


DUFFINS CREEK-ROUGE RIVER 
DRAINAGE BASINS 


MAP & 


MAJOR LOWER AQUIFER SYSTEMS 
IN THE OVERBURDEN 


Scale 1:100,.000 
1 inch equals 1.58 miles 
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DUFFINS-ROUGE MAP 12 
GROUND- WATER QUALITY 


LEGEND 
1384 Location of sampled well and well number 
3072/30 | Well number/depth of well (feet) 


e 

x E ° 
| | | 
| ] t 
fe} wo 3 
2 8 

§ 
—— | 
deck Seant 

Specific Conductance 

(micromhos/em ) 


20 10 ° 10 20 
a rs 


8 Ca A___HCO3 8 


SOURCES OF INFORMATION 


‘Water samples collected by D. Sharma, August 1970, and | Stoltner, June 1974, 


Well information obtained from water-well records on file with the Ontario Ministry of 
the Environment. 
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